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Abstract 

  

    Radiotherapy is frequently used as part of cancer treatment to achieve tumor 

control. Apart from inducing anti-proliferative and cell-killing effects in tumor tissue, 

radiotherapy also provokes normal tissue damage such as inflammation and fibrosis. 

Therefore, how to alleviating the side effects of radiotherapy is a crucial problem. The 

Monascus species is a Chinese traditional fermentation fungus used on food for over 

thousands of years in China. The secondary metabolites of Monascus in the 

contemporary research were confirmed the suppression cholesterol production, 

anti-inflammation, anti-tumor and suppression tumor metastasis. Accordingly, 

Monascus metabolites can apply to radiotherapy to alleviate the side effects. In this 

study, we investigated whether ethanol extract of red mold dioscorea (RMDE) 

attenuates radiation-induced normal tissue damage in vivo and in vitro. Results 

showed that oral administration of RMDE can increase animal body weight and food 

intake but suppress tumor regression. Besides, radiation-induced splenomegaly was 

significantly alleviated by RMDE. The pro-inflammatory (i.e. tumor necrosis factor-�, 

TNF-�; interleukin-1�, IL-1�; interleukin-6, IL-6), pro-fibrotic (i.e. transforming 

growth factor-�1, TGF-�1) and angiogenesis (i.e. vascular endothelial growth factor, 

VEGF) maker in serum of RMDE treatment group was significantly lower than 

control group. Furthermore, the results of histopathological slices of lung, liver and 

kidney in each group did not show any significant difference from histopathological 

finding. In vitro assays, the cytotoxic assay showed that RMDE have more cytotoxic 

to B16-F0 cells than skin primary cells. Ankaflavin, monascin and citrinin are 

non-effect in skin primary cells. Monascin can inhibit B16-F0 proliferation. 

According to the radiation-induced cell damage model, RMDE and ankaflavin 

treatment can inhibit TNF-�, IL-1�, IL-6 and TGF-�1 mRNA expression and 

monascin can inhibit IL-1�Ð�IL-6 and TGF-�1 mRNA expression but not TNF-�. 

These features of RMDE have made it an attractive candidate to moderate the side 

effects in clinical radiotherapy. 

 

Keywords: radiotherapy, Monascus, side effects, inflammation, fibrosis 
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!"#$% (radiotherapy) ¬Y�e)$%>¼"��'aCÌÍôC�� 

60% >e)½�9"!�!"#$% (Marples et al., 2003)[E�Owµ©}h
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©}hê,����º­CÄJíîê,k�|`�Æ���� Ë�;�C!

¼ÂÃ$%>_	[ 

!"#$%>gÂ�w*^KP>!""C©}hê,ê,#Úê,$6>

DNA zê,ï>%#���&�C5+ê,¢<É�zíê,�¢'(C��

¥7©�
�>�� (Olive, 1998)[�dÊ�}h (solid tumor) 6M�)°F

�}hê,;hC3*�i��+ê, (fibroblasts) �~�ê, (macrophage)C

GòCj!"#©d}h���"xCJú!z�!Çí��+ê,�~�ê,

�Pæ, tumor necrosis factor-� (TNF-�)Úinterleukin-1� (IL-1�) � interleukin-6 

(IL-6) ªºàyzÀCíî«�¿�ày (inflammation) pú�ÄzFv� 

transforming growth factor-� (TGF-�) ã{ smad ������.;;���� 

(fibrosis)Cíî;�«K{$C^-Ãf.J.;e� (carcinogenesis) >¿�[

ò­Cw|��±²C^KP>!"$%�/·³}hN©Cµî*E;swO

P�Â}hê,`CKzàN©PQ��>v� (Bea et al., 2003; Dent et al., 
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56 7b8ÜÑ8 �9C��¤ :v%; '«_CÆë�6�<¢C��W

�=½¬ã>�Ý[?9��Q��>��a@vACÑ��=à�>�ó�½

»'ã>«_*��1¥%| (Kohama et al., 1987; Wu et al., 2009)Ú¥%j (Lee 

et al., 2006a; Lee et al., 2007a)Ú¨k� (Aniya et al., 1999)Ú¨ày (Akihisa et al., 
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2005a; Lee et al., 2006b; Lee et al., 2008; Tsai et al., 2009)Úº�eê,BC (Su et 

al., 2005)Ú¨DE (Wang et al., 2006)Ú¨e (Akihisa et al., 2005b; Yasukawa et al., 

1996)Ú��eê,N© (Ho and Pan, 2009) �F2UGH~) (Lee et al., 2007b) 

ª[ò­Cb��Ìq�>��L	àYC����à?xCº��j
>�¢

��>uÖà?C¤�ü^>+¿À�hP (Lee et al., 2006b; Lee et al., 2007a)[ 
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��}�C&%��~;[4zdúh�»7�ß>
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u���CK§É>�y�'6C]\�aC¿��ëÅC

�N�Ð;[564z�xS|>7b8ÜÑ8�9:���$�Ýv%C>¸

��;CÆë�6�<¢C��W�=½¬ã>�Ý[°�[Ë·R���}µ

���' >CÊÆwx� 1979 9ab���ß��Ö� (Endo) /0C�±

���©�:6æë��°>¦§�Áh��O monacolin KC·³i��>�

�CÐ¬a`����'���
�[ 

 

(öööö) ��������'æÖ�×w'æÖ�×w'æÖ�×w'æÖ�×w 

��k���z��[�æÖ�ôcd[�� (Eumycophyta)Ú3��  

(Ascomycota)Ú[3��Ü (Euascomycetes)Ú_��Ñ (Eurotiales)Ú���
 

(Monascaceae)Ú���c (Monascus)Ú���Î (Monascus spp.)[Ñ����

�"æ¬ Monascus ruberÚMonascus purpureusÚMonascus pilosusÚMonascus 

ankaÚMonascus floridanusÚMonascus pallens � Monascus sanguineus õÎ[�

×wôC���¬�Ùr� (homothallic)C��¬s4Ú�¿z�¿C����
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�Y��Êæ�C��� (septa) ��C�Dw (asexual reproduction) z��3

�	 (ascocarp) ��w��[�

�

(ØØØØ) ��������¢<¿
�É�Â«_¢<¿
�É�Â«_¢<¿
�É�Â«_¢<¿
�É�Â«_ 

����'�º+¬� C�"�dà?�¿�>�Î¢<¿
C¤�6y

>�Â«_�]# ¡[�ÖÚ�Ö�9Ö¬��à?�ë>a¢¢<¿
 

(primary metabolites)C�ú*d£��Hæ*Þ>4Æ[¦§�Áh��O 

(monacolins)Ú��¿À (pigment)Ú�]�.�¥%|
> (�-aminobutyric acid, 

GABA)Ú¨k�
> (dimerumic acid) �ÙÚÀ (citrinin) Ê¬�ë>ö¢¢<

¿
 (secondary metabolites)C¬?���>¤0[�

�

1. ¦§�Áh��O¦§�Áh��O¦§�Áh��O¦§�Áh��O (monacolins) 

Monacolins ¬���à?x�¿�a�¥L�P¦>�§Ö�Á
 

(polyketides)CÉ6º monacolin K ¨q=abÖ�/0£Ê¤�¥¦§�«_ 

(Endo, 1979)[Monacolin K c statin Ö�Á
C¬ac¿L©Cæ3�¬ 

C24H36O5Cæ3P 404.55Cd 231Ú238 � 247 nm �¢��Ã�Bù¡ (Alberts 

et al., 1980)C�ªdøC�Æªd�methanolÚethanol � acetonitrile ª��ªO

6[ 

Monacolin K '�º¤¥¦§�>«_C�"�d«>L�Ö¦d 

3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) K�É¬­¦§�Áh>®


¥�?À  3-hydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA 

reductase) ô>â@vw¯QCíî mevalonate�D|�hCÂÃ¦§�>ÁhC

��°C¥7¦§�>_	 (Ò 2-1)[�

ò­C±��óÄ-��statin Ö�Á
¤�¨ày (Lefer 2002; McCullough 

2001; Yeung and Tsao 2002)Ú��eê,�¢�º�}hê,BC (Mo and�
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                                                     (Tobert, 2003) 

Ò 2-1 ¦§��Áh�� 

Fig. 2-1 The cholesterol biosynthesis pathway. 
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Elson, 2004; Shellman et al., 2005; Wong et al., 2002)Ú��}hN© (Alonso et al., 

1998; Nubel et al., 2004; Ho and Pan, 2009) �²�!"#$% (Rozados et al., 

2005) ª«_[�t³½ (Danesh and Kanwar, 2004)Úy%&´½ (Muravyov et 

al., 2004)Úq>µ¶ (Mundy et al., 1999) �UGH~) (Miida et al., 2005) ª·

w´½�ÐÄ�6y��'_	[ 

 

2. ��¿À��¿À��¿À��¿À (Monascus pigment) 

��'�º¸���t�Ca�®ægG"¹«d���à?¢<�¿�>

��¿À[�ó-�C��¿À¤�º^>»)w�(Õ�+C1981) ¼½¬F6

y>�°ÝÞ4Æ
[«�iÆºV¾Ý
¿À>¿Á�ÆÝ
>��­CÄ¤

�6y'ã>«_[��¿À�"æ¬Ø�ÖC�¿À1rubropunctamine � 

monascorubramineC+¿À1monascinÚankaflavinÚyellow II � xanthomonascin 

ACÙ¿À rubropunctatin � monascorubrinCj6+¿À��¿Àæ�¬Ù¿À

>3g
�x�¢
[ 

+¿À ankaflavin � monascin ]�óÂ.-�¤�6y¨ày>_	 

(Lee et al., 2006b; Tsai et al., 2009) µ©§i¸¹ T ê,¤�@A��>)* 

(Martinkova et al., 1999)[Ankaflavin K��Àeê,f (HepG2) �¢�º�e

ê,BCC©dË�d��+ê, (MRC-5) M�¤�� (Su et al., 2005)[

Monascin ÊÆ��]^k3Ã9Y (peroxynitrite) �[­ù ultraviolet light B 

(UVB) �Çà¤i�Äe�>Y¼ (Akihisa et al., 2005a)[ 

Ù¿À rubropunctatin � monascorubrin ¤�6y��_	 (Martinkova et 

al., 1995; Kono and Himeno 1999)[Monascorubrin �;eOÇ.§i}h�hl

Ë (12-O-tetradecanoylphorbol 13-acetate, TPA-induced tumor promotion in mice) 

É�6CÄàYÉ¤��� TPA �Çà>�Äe�Y¼ (Akihisa et al., 2005b; 

Yasukawa et al., 1994; Yasukawa et al., 1996)[ 
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b��Ìq�Äº Monascus purpureus NTU 568 �fC�©�r
>��

à?ïð�ö¡¢<¿
�h>?¯C��L	±²Cº���¢��uÖà

?C¤�ü^>+¿À�hP[�ÇàÅi^%j�^¦§�>{
É�6Äà

YC����à?¿
R9��u> 0.5 �OPCÆÆ�¥7%:6%j�¦

§�>�P (Lee et al., 2006b; Lee et al., 2007a)[ 

 

3. �]�.�¥%|
>�]�.�¥%|
>�]�.�¥%|
>�]�.�¥%|
> (�-aminobutyric acid, GABA) 

�- 
I9 (�-aminobutyric acid, GABA) FaÎ6Ç�]��w�.


>C¬ L-glutamate ] glutamate decarboxylase ��ÈÉ)* (decarboxylation) 

`�î>¿
[��
�6CGABA J� receptor-GABAA LÁC�Æ*Ê`

#>Ëë3>�.���*Ê`¢QC¥7ÌÍ�]>þ�¹CGòCj%&w

¹,�·³^%|xCGABA K���]m{C�_��%|>ôÎ[ 

�ó-�C��u��'  GABA ]{
ÊË£Ê¤¥7%|'«_ 

(Kohama et al., 1987; Lai et al., 1988)[�bÊËÌº Monascus purpureus NTU 

568 �fà?�î'^  GABA ¿P����³Ýq�w^%|i 

(spontaneously hypertensive rat, SHR) ÄîPrL	 (Wu et al., 2009)[GABA �

iK�_¥7%|­CÄ�±�Â.-��GABA ¤�¨¤Ï�ÐÑ (Kalueff 

and Nutt, 2007) º»¨ÒÓ>_	 (Meldrum, 1975)[�

�

4. ¨k�
¨k�
¨k�
¨k�
>>>> (dimerumic acid) 

ab�-  Aniya d  1999 9
q½���¤¨k�K`C�
àY 

Monascus anka à?��
6��¤H� �,�-diphenyl-�-picrylhydrazyl (DPPH) 

±�
»¨Ôjwk�w>>K`> dimerumic acidCM� acetaminophen (AAP) 

�ÇàÀ�s (hepatic necrosis) >{
É�£ÊCM. anka à?��
K�Æ 

glutathione-s-transferase (GST) >vwC�­���O©dÀ¹>��CF2À
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¹>È� (Aniya et al., 2000; Aniya et al., 1999; Aniya et al., 1998)[ 

Dimerumic acid >¨k���¬½¾¢3íîk�
3gC�b«k�h¬ 

nitroxide radicalC!»�nitroxide radical Jª=H�C]aòÕ>k�3gÖ× 

íîØOHÚØO2Úalkyl radicalÚalkoxyl radical � peroxyl radical îºH�M�

��%� (microsomes) 'j>wk� (lipid peroxidation; LPO)C�°C¨k�

>_	 (Taira et al., 2002)[�

�

5. ÙÚÀÙÚÀÙÚÀÙÚÀ (citrinin) 

ÙÚÀ (citrinin)Cæ3� C13H14O5Cæ3P 250.25C¬aÎÙ+¿>L©


C�ªdøCÆªdºw��ªO»MÚª:[¬��à?�¿�>¢<¿
C

¤���ÝÞ3Û�  BacillusÚStreptococcus »  Pseudomonas �¢>)* 

(Sankawa et al., 1983)[ 

{
ÊË±² citrinin ©À¹�Á¹>��`º� (Hiroyuki et al., 1987)[

� O ? ¯ ` à Y  citrinin J � � Ü B o ô >  ATPase »  pyruvate 

dehydrogenaseÚmalate dehydrogenaseÚglutamate dehydrogenaseÚ2-oxoglutarate 

dehydrogenase ªÈÝ1>vwCÂÃ%#�6¢3��o  (mitochondria 

electron transport chain) >���5+#¢Q (membrane potential)CÃf.;

ÀÚÁê,>%#�«K�È (Chagas et al., 1992a; Chagas et al., 1992b)[�

 

ööööÚÚÚÚ!"#$%!"#$%!"#$%!"#$% (radiotherapy, RT)  

e)$%aúF�����-�ÞJ���Qy>0QCY�>e)$%�

"º­
ß¾ (surgery)Ú��$% (chemotherapy) �!"#$% (radiotherapy) 

¬� (Simpson and Galanis, 2006)[­
ß¾cd�Ow$%C©d�-�'�

àwü^CGòCYáâe)$%º��$%�!"#$%ü=���!�[5

6�îCÌÍô��ãw 60% >e)�-ä!�!"#$% (Marples et al., 
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2003)[ 

 

(aaaa) !"#'æÖ!"#'æÖ!"#'æÖ!"#'æÖ  

!"#åÉ"K>�r�"Ææ¬ï�"K (internal radiation source) �­

�"K (external radiation source) ^�Ö[�!"wrQÀb«�Ó!�'!"

#æ¬:ï�"K;Cç�1?!$%�Úè-60�$%�ÚéêëÚ$3µ�ì

í�*')«Ë3´Âª[:­�"K;ÊF-î*=¬>��á�^®"#î

ïðcñC�¿�'!"#C�1X ù�Úú#Æ®àÚù3ëÚòóë�ô

óÆ®àª[�

å×wæÖ!"#Ææ¬%3"# (particle beam) �ù3"# (photon 

beam) ^�Ö[:%3"#;å>P�¢g�¤>�rÆºªêæ¬­%3"#�

(light-charged particle) �¼%3"#�(heavy-charged particle)�^Î�!"#$%

�í*>ú#Æ®à�¿�>¢3"#cd­%3"#C�dõs`üöC¬Á

÷`}h>$%[�¼%3"#ÊG>Pü¼¢gü�C9"ü²«
>ôóÆ

®àøKQÉù?�ù®CGòæ¬¼%3"#[�d:ù3"#;¬aÎ�Æ

ëùC��>Pµ®¹ú¬É×wCGòæ¬ù3"#C�ë>�1X ù� � "

#[�

�

(öööö) !"#!"#!"#!"#$%$%$%$%''''gÂgÂgÂgÂ  

!"#$%�w*^KP>!""C&�eê,ê,$6> DNAÚê,#

z%#�CíÉ�ªûü�¢z5+É¢<����ª©«�¤�&�` (Olive, 

1998)[56�óÂ.C? gray (Gy) >!"#OPJ�hê,6 3000 @Ú


©�ÈÚ1000 @Iý DNA � 40 @þý DNA í� (Ward, 1994)[ 

!"#&�eê,>gÂ�d!"#J� øæ3 (radiolysis) ¿�vwk

c (reactive oxygen species, ROS) zvwxc (reactive nitrogen species, RNS) ª
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±�
 (free radicals)[«
J�ïê,$6> DNA í DNA þýzIýí

�Cã{ê,ï  DNA �� (DNA repair) ��C�íî�ATM/ATR (ataxia 

telangiectasia mutated, ATM; ATM-Rad3-related, ATR)�������v� (Ò 

2-2)Cl9� (phosphorylation) p53 �cCíê,-�'( (cell cycle arrest) � 

G1/S z]�v� CHK2 (cell cycle checkpoint kinase 2) �cíîê,-�'

(d G2/M (Pawlik and Keyomarsi, 2004)Crx�z DNA ��?À�YP�

Æ (Yoshida et al., 2006)CÄJº�ê,BC��>��CÇíê,sCPQ


G>�Y (Szumiel, 1998)[�hê,«K{$Úê,#vsw>&�Úê,æ

��	Úê,-�'(�ê,*+ª�(Haas-Kogan et al., 1996; Yao et al., 2003; 

Fournier and Taucher-Scholz, 2004; Koshikawa et al., 2005)[�

�

(ØØØØ) !"#!"#!"#!"#$%&�>()*$%&�>()*$%&�>()*$%&�>()* (side effects) 

!"#¯°©de)�6y>$%_	C��!"#$%wö6C
»$

%®Q>�rC�¿�>()*Ð�Pr[2�®>!"#$%CJ&��


�k��#ê,Cíî�:æ,f�C.;�Ý��zÝ�¡¥C!¼ÂÃ½

�yÂC¢�ÊJà�ÈÝ) (anorexia)�÷®!"#$%CJG!"#©d

�
ê,>�zCºí�
ê,�Ë���z�}BC�(Withers, 1971; Potten, 

1990; Bowen et al., 2006; Goldman, 1997; Ramachandran et al., 2000)�íî��?

Àæ,f�C¿����6zÂÃÝ
B,>x�C¢R¡�J.;����[

e)½��¢��d����>x�¡CJ�Y�¼¡¥��lÚj�;��

��Èªx� �2�WC2003�C��ÂÃe)$%>_	CÃfÅJ�+¬

e) ½>�(cachexia) íîsC
½Î[ 

£��-�Okunieff Q!"#©d�Â>ÂÃæ¬�Æwpú (immediate 

responses)Ú`��wpú� (early phase of toxicity and responses) �!��w

pú� (late phase of toxicity and responses) Ø@áâ (Ò 2-3) (Okunieff et al., 
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                                    (Pawlik and Keyomarsi, 2004) 

Ò 2-2 DNA È������� 

Fig. 2-2 Simplified model of the core signaling pathways induced by DNA damage. 
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                                        (Okunieff et al., 2008) 

Ò 2-3 !"#&�_ú'�áwö  

Fig. 2-3 Development and progression of radiation-induced late effects.
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2008)[�Æwpú�"F DNA È� (DNA damage) �ê,BC (apoptosis)Cv

�à��!"#�"`>Dæ"CD¤x'���D�CD-'�Êæ¬`��

wpúCòáâ>�Âpú�"F!"#�.;>ê,�s (necrosis)Úê,ày 

(inflammation) �ê,�� (proliferation) ¬���	àypúüü��C]wD

@:º`ÊJ�O!��wpú�C�!"#�">®QJ����� (fibrosis) 

#�¿�e� (oncongensis) >Y¼[ 

 

1. !"#!"#!"#!"#·³>·³>·³>·³>àypúàypúàypúàypú  

    àypú¬Ñ�!"#$%6Ã�">�Âpú[?9�±���Â$.-

};�>·wàypú=½¬�e)>¿��Q (Balkwill, 2004)[�"gG*

�1aÚàywö6>wk�
�±�
J.;
G>*+ (Jackson and Loeb, 

2001)[öÚ}hê,�e�wö6JN�¬Kw*àypúæ3>�� 

(Lazar-Molnar et al., 2000)[ØÚàypúæ3�}h>º%&Û�K`�N©�%

'K`¤�^¹>PQw (Offersen et al., 2002; Matsuo et al., 2004)[ 

 !"#$%xCJºí}h� >ô�ê, (epithelium cells)Úï�ê, 

(endothelial cells)Ú��+ê, (fibroblasts) �~�ê, (macrophage) �Pæ,}

h�sG3-� (tumor necrosis factor-�, TNF-�)ÚbcÀ-1 (interleukin-1, IL-1) �b

cÀ-6 (interleukin-6, IL-6) íî%&vsw�Æ�.;�Ú}Ú�Ú�ªàypúC

µüü�zv�~�ê,ºæ,Å�>ºày>ê,zÀ (Nathan, 1987)[TNF-� 

FÃ`�=Çà>$&G3CÆºÇ.I$c%i»~�ê,æ�Úv�~�ê

,Ú�z��»'%���IL-1 ¬bcÀ¥( (interleukin family) >anC*)1

IL-1�» IL-1�^Î��C� TNF-� "r$�1w�pú (Ramadori and Armbrust, 

2001)[�P> IL-1� �"�
«KFj*+®ày>,b
C×�F�zI$~

�ê,�%&ï�ê,æ,Å� IL-1�CMÇàÁh IL-6 (Mastruzzo et al., 2002)�

IL-6 c�«K'ê,zÀC«K*)Ç.1w��c>'�ÁhÚ�Æ�±Ú�
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z T ê,>v�»�z B ê,¿�¨�[�

�ó-�C!�gd®!"#$%`>¤iCKdd®;�-BC TNF-�Ú

IL-1 � IL-6 ªºàyzÀ>�P�YC¿�!"#dy (radiation pneumonitis, 

RP) >).C¢R¡�J�+¬d���C�hd®«K�Æ/>È� (Rube et al., 

2005; Chen et al., 2001; Chen et al., 2005)[ò­CºàyzÀ IL-6 �iKswÇà

¨BCæ3 Mcl-1 íeê,Å¤¨BCK`CÐ¤�Çà%&ï�ê,�¢G3 

(vascular endothelial growth factor, VEGF) �²}h%&Û�>K` (Wei et al., 

2001; Wei et al., 2003)[Ä�Â.-�Ce)$%wö6·³>àypú�e) 

½> (cachexia) ¤�^¹PQw (Dulger et al., 2004; Trikha et al., 2003; Zaki et al., 

2004)[��0�>�²@Apúp�wd}h%&Û� (Chen et al., 2003)[ 

 

2. !"#·³>!"#·³>!"#·³>!"#·³>���pú���pú���pú���pú 

!"#�iJ·à;�àyº­C��� (fibrosis) ÄF!"#$%!��ë

>()*[!"#'�ºJ.;;����É��¬!"#Jú!v�z]� 

ROS/RNS 1�ÄzFï�ê,È��z~�ê,1�v�N��¢G3 -� 

(transforming growth factor-�, TGF-�)Cíî TGF-� LÁC TGF-� �� (TGF-� 

recepter) ôCã{¡2 smad ������CÂÃ¡2
G>$�C.;��+

ê,�Ë�>�� (fibroblast proliferation)C,­
> (extracellular matrix, ECM) 

�óg�c (collagen) >3�CÃ`¿����>Y¼ (Ò 2-4) (Bentzen, 2006)[ 

TGF-� ¬aÎ�«K�cC�45{
6CTGF-� æ¬�TGF-�1ÚTGF-�2 � 

TGF-�3 ØÎ3�C«þ�;�ª�Úê,æ�Ú6Gà7�@Apú[��-�C

de�ê,�P�Y�TGF-� Jº�gQe (carcinoma in situ) àáh¬�%e 

(invasive carcinoma) (Gladskikh et al., 2004; Glick, 2004; Wilkins-Port and Higgins, 

2007)[Ä���Â$-�C!"#$%` IL-1� � IL-6 �P�Y�·³>ày

púCJ�z�TGF-�1 >v�Cíî,­
> (extracellular matrix, ECM) �óg 
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                                               (Bentzen, 2006) 

Ò 2-4 !"#���>QÎwö  

Fig. 2-4 Key processes in radiation fibrogenesis.
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�c (collagen) 3�C.;;�¿����>Y¼ (Chen et al., 2001; Chen et al., 

2005)[�

�

3. !"#·³>!"#·³>!"#·³>!"#·³>%&Û�%&Û�%&Û�%&Û� 

%&ï�ê,�¢G3 (vascular endothelial growth factor, VEGF) ¬%&Û� 

(angiogenesis) >¼"-ç[̀ � 1971 9 Folkman �-8�½�I9}hê,�

 >�ÍM�:º�ü}h�¢�9C8ä��Û�%&�î;�æøK�ü}

h>�¢C�	��Û�%&�hC}hê,Q'<�¢Mµ�}sC (Folkman et 

al., 1971)[úC 1989 9CLeung �-ø£Ê}h��k (hypoxia) ×A¡CJæ

, VEGF �z%&Û� (Leung et al., 1989)[ 

�ó-�Cº!"#�Â¤ideê,f (Lewis lung carcinomas, LLCs) º»

º=Ö
eê,f  (esophageal adenocarcinoma, Seg-1)Ú=Ö=.ê,e 

(squamous cell carcinoma, SQ20B)Ú=Ö>�]ó>h (glioblastomas, T98 and U87) 

�=Öý¿Àê,h (melanoma, U1) �Ø�>¤ighÉ�6àYC!"#Jz

à}hê,�Pæ, VEGF .;}h%&Û�C¥7}h©d!"#>þ�¹ 

(Gorski et al., 1999)[º!"#�"=Ö�]ó>hê,f U251ÚU251-NG2 � 

U87 ÄàY!"#�Çà}hê,¿�> VEGFCJ.;}hê,©!"#¿�

¨w (radioresistance) (Hovinga et al., 2005)[ÃÛ��Â.Ä±²CTNF-� � TAM 

¿� VEGF wö6?�¼">@¿Cº}hPQ~�ê,  (tumor-associated 

macrophage, TAM) �Ø�>{
É�6àYC!"#�z TAM ¿� VEGF 9

"gñ>  TNF-� ����C�	Aí¤i  TNF �� (tumor necrosis factor 

receptors 1 and 2, TNFR1,2-/-) z TNF-� (tumor necrosis factor-alpha, TNF-/- )CJí

î  TAM D|æ,  VEGF ��²!"#©d}h>��_	  (Meng et al., 

2010)[ 
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ØØØØÚÚÚÚ��Ñ>��Ü��Ñ>��Ü��Ñ>��Ü��Ñ>��Ü  

!"#$%�ÌÍe)$%ôCaú?�»¼">@¿[B&!"#$%>

_	6yC�C°J©Ë�;�¿���C!¼ÂÃ$%_	C����!"#

$%¿�'()*Ch¬ÌÍ�
���ôD¾?¯>PQ[�

��¬6���>ÝÞ�6�ÝC�4¤�6y¥¦§�Ú¥%jÚ¨k�Ú

¨ày�¨}h>«_[�óôC�Qd���µ�RSô>��¯°��C�

�º¨}hÚº�eê,BC�¨}hN©¬���}C©d��ú*de)$

%�&�PQ()*�ÐCM��E�FG[�

GòCb���"Ñ>¬º��������
 (ethanol extract of red mold 

dioscorea, RMDE)C©d!"#$%�&�PQ()*��?¯CÇ F°¤� 

()*_	[ÊËº{
ÊË¬�Cê,ÊË¬�CÊËH�IëÒ 2-5[�{


ÊË�ÐCº B16 ý¿Àê,hgh¤i (B16-bearing mice) Ø�ÌÍ!"#$

%É�C��������
�!"#$%�·³PQ()*'Q�[�ê,Ê

Ë�ÐCÊº{
ÊË�î'L	¬
�C�O?¯������
6'«_h

æ ankaflavinÚmonascin � citrinin �� !"#$%&�()*6�?�>@

¿[
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Ò 2-5 b�����Ü  

Fig. 2-5 The outline of this study. 
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ÓØÔÓØÔÓØÔÓØÔ ÝÞÝÞÝÞÝÞ��|��|��|��| 

  

aaaaÚÚÚÚÊËÝÞÊËÝÞÊËÝÞÊËÝÞ 

(aaaa) �*ßà�*ßà�*ßà�*ßà 

1. D�J)
 (Kansin Co., Taipei, Taiwan) 

2. ök�K©�L (Model RCO3000TABB, Revco Techologie, Ayheville, NC,  

USA) 

3. M±øNO (Water bath) (Model DB, Deng Yng Co., Taipei, Taiwan) 

4. P��±�Q (ECLIPSE TS100, Nikon Co., Tokyo, Japan) 

5. DQP� (COOLPIX5200, Nikon Co., Tokyo, Japan) 

6. ELISA reader (Thermo Labsystem, Beverly, MA, USA) 

7. pH B�à (Model 6071, Jenco Co., San Diego, CA, USA) 

8. æùù¹î (Spectrophotometer) (Model U-2001, Hitachi Co., Tokyo, Japan) 

9. Ú�J)L (Kansin Co., Taipei, Taiwan) 

10. M±RS©�L (Orbital incubator shaker) (Model 717, Hotech Co., Taipei,   

Taiwan)  

11. TL (DK500CßUC
cC
�) 

12. jøá�� (Ultrapure water system)  (Millipore Co., Molsheim, France) 

13. ��V (Autoclave) (Model SS-320, Tomy Co., Tokyo, Japan) 

14. ëy� (Himac CR-21, Hitachi Co., Tokyo, Japan) 

15. ã^®ëy� (GS-15R, Beckman Instruments Inc., Fullerton, CA, USA) 

16. HPLC `a�W (PU2089 plus, Jasco Co., Tokyo, Japan) 

17. HPLC [­ù-Bà (UV detector) (UV2075 plus, Jasco Co., Tokyo, Japan) 

18. HPLC Xù-Bà (Fluorescence detector) (FL-1, Rainin Co., Wobum, MA, 
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USA) 

19. HPLC C18 `a&Y (C18 column)1Discovery@ C18 column, 25 cm x 4.6 mm 

i.d., 5 �m (Bellefontia, PA, USA) 

20. XùÂ^�� �DF211-H, TOSHIBA Co., West-Sussex, UK� 

21. PCR pú�� �ABI 2720, Applied Biosystems Inc., Warrington, UK� 

22. Co-60 �"à (4700Ci Picker C-9, Picker Co., NY, USA; ��µ�}hµ�

®!"
) 

 

(öööö) �Þ�lO�Þ�lO�Þ�lO�Þ�lO 

1. Dulbecco's Modified Eagle Medium (DMEM)Úfecal bovine serum (FBS) »  

Penicillin-Stretomycine Z± HyClone Laboratories (Logan, UT, USA). 

2. IsopropanolÚcitrininÚcalcium chlorideÚmonacolin KÚabsolute alcoholÚRNase 

AÚTween-20ÚABTS Liquid Substrate SolutionÚacetateÚphenol � chloroform 

Z± Sigma Chemical Co. (St. Louis, MO, USA) 

3. PDA brothÚpeptoneÚtryptoneÚglucoseÚmalt extractÚBacto-agar Z± Difco Co. 

(Detroit, MI, USA)  

4. Dimethyl sulfoxide (DMSO) Z± Kanto Chemical Co. (Tyoko, Japan)  

5. Ehyl acetateÚcrystal violetÚchloroform Z± E. Merck (Darmstadt, Germany) 

6. Lovastatin Z±[o�ÞßÀýÍ�¥\] (
6C
�) 

7. Ethanol (95%) Z±
�^�ýÍ�¥\] (
cC
�) 

8. TRIzol®ÚSuperScriptTM  III First-Strand Synthesis System for RT-PCR kit Z± 

Invitrogen Co. (New York, CA, USA) 

9. IL-1βÚIL-6ÚTNF-α � VEGF ELISA kit Z± PeproTech Inc.  (London, UK) 

10. TGF-�1 ELISA kit Z± R&D system (McKinley Place, MI, USA) 
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(ØØØØ) �f�
>�f�
>�f�
>�f�
> 

b���í*'���f¬ Monascus purpureus NTU 568Cò�f¬b��

Ì±�æë'^ö¡¢<¿
�f[à?�*
>¬ Dioscorea batatas Dence�Þ

�'��CZ±
�ã¢_`[�

 

ööööÚÚÚÚÊË�|ÊË�|ÊË�|ÊË�| 

(aaaa) ���f'©����f'©����f'©����f'©� 

Q Monascus purpureus NTU 568 �fº Potato Dextrose Agar (PDA) ©�


��©�Ca�¢bñ@©�c`Cd� 1 cm2 �¤'�eC!Îd 5% 'f�

��ugø6Cd 30oC ©� 2 �°*[ 

 

(öööö) ����������'á°��'á°��'á°��'á° 

Q��ehiM¾h¬j�¤ (0.5 x 0.5 x 0.2 cm)Cj� 500 g '��º�p

*³�CMQøkl`��^|f�CmdÚ�J)Lno�Ì±`CÆÆ��

!�[�©�y>���:C!ÎOfg�'��6CQ�:���pÁMqr

�sCmdZá'�t (35 × 25 × 5 cm) 6Cd 30 oC ��©�C©���ä?�

´¾���Þ'�øPCM¬x*�ø'{)C� 7 �`CÆºuC��%�Y

¿À>Ù�¿CÆgh����'á°[ 

 

(ØØØØ) ������������
'á°����
'á°����
'á°����
'á° 

Qà?g'����º 50oC ��TlCl�g'����v%ºGg�Q

ÉGhêgC������[j� 500 g '����gÌCÆO 3 L> 95% �

� (ethanol) d 37 oC ¡�� 24 ¤xCQ��:º 0.22-μm w#wwCM��

�|x�Cyz�î'��PÕ����{6Cªåô|ïðp}��Ø¡`C

Q��
md~��6í�����àCÆgh������
 (ethanol extract of 
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red mold dioscorea, RMDE) 'á°[ 

 

(ââââ) ������������
'hææa����
'hææa����
'hææa����
'hææa 

º HPLC |æa������
6'hæ (Lee et al., 2006c)CQ���"«

_hæ monacolin KÚankaflavinÚmonascin � citrinin ç�ÞMÓh¬jx¹Cá

)hç��#Cç��#' R ¡ä° 0.99Cºï�|�î�Þx¹[ 

HPLC æaïð�¡1 

Column - C18 column 

Mobile phase - water1acetonitrile1trifluoroacetate (450155010.5) 

Flow rate - 1.0 mL/min  

Detection - Xù-Bà-B excitation �max = 330 nm, emission �max = 500 

nm�UV -Bà-BC�max = 238 nm 

 

(����) {
ÊË{
ÊË{
ÊË{
ÊË 

1. {
ã���Þ{
ã���Þ{
ã���Þ{
ã���Þ 

b���*{
Z±ÛÜ|=�¥ÊË����¥ÊË{
6y C57BL/6 

Þ�'â-�\i[ã���'P©�¹¬ 60%CÌ± 25 ± 2°CCù�x�¬ 

9:00~21:00 ' 12 ¤xù�Ö×[?-B�ãÞ´�P��¼C?^�úa¡v

ø��ÞCM
x��{
�'Hæµãü»�Cµ�Ö�Ý��ÀmnJ{


ã�êÊ��� (�Ý��mJ678� 99 9 1 : 27 a�Ë'{
ã�| 

(Animal Protection Law))[ 

 

2. {
ÊËæ;�OP'ä�{
ÊËæ;�OP'ä�{
ÊËæ;�OP'ä�{
ÊËæ;�OP'ä� 

ÊË{
æ;�¡1(a) Ë�©�; (normal control)Ú(b) B16-gh©�; 

(B16-bearing control)Ú(c) 7OP lovastatin vÝ; (25 mg/kg/�)Ú(d) ^OP 
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lovastatin vÝ; (50 mg/kg/�)Ú(e) 7OP��������
; (100 mg/kg 

RMDE/�) � (f) ^OP��������
; (200 mg/kg RMDE/�)C"è;C

?; 5 +C"î 30 +¤iCIêÊËaö�Ò 3-1[ 

OP��ôC�ovastatin ¬_���6�">«_hæ'aCµ]�ó£Ê¤

���eê,�¢�º�}hê,BC (Mo and Elson, 2004; Shellman et al., 2005; 

Wong et al., 2002)Ú��eê,N© (Alonso et al., 1998; Nubel et al., 2004; Shibata 

et al., 2004; Ho and Pan, 2009) �¨ày (Lefer, 2002; McCullough, 2001; Yeung 

and Tsao, 2002) ª«_[Gò*��������
;*©�COP�þ¶ab

�- Shibata d 20049�à�'�� (Shibata et al., 2004) �ä�[ 

������
 d � f ;'OPC�þ¶b��Ì�à�'�� (Ho and 

Pan, 2009) Æº�5`�ä�[òOPå6£��
ÝÞ&Â+ (Food and Drug 

Administration) 2005 9�à�> Estimating the Maximum Safe Starting Dose in 

Initial Clinical Trials for Therapeutics in Adult Healthy Volunteers �Ô6'=��¤

iú�\�1(animal mg/kg dose x animal km) / human km = human mg/kg dose�animal 

km=3Úhuman km=37C�î? 100 mg/kg ' RMDE Pjd 60 kg h9=C?a

´� 8 mg/kg�200 mg/kg ' RMDE ÊPjd 60 kg h9=C?a´� 16 

mg/kg[ 

 

3. C57BL/6 ¤i!"#$%É�'Ø�¤i!"#$%É�'Ø�¤i!"#$%É�'Ø�¤i!"#$%É�'Ø� 

� þ ¶ £ � � -  Camphausen d  2001 9 � Ø � '  Lewis lung 

carcinoma-C57BL/6 ¤i (LLC-LM) (Camphausen et al., 2001) !"#$%É�Cº 

B16-F0 ý¿Àê,h�¢  LLC ê,Ø�  B16-gh¤i  (B16 melanoma 

-bearing mice model)[Qâ-�> C57BL/6 ¤iF�a-`C��}h�"[
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Ò 3-1 {
ÊËaö�;� 

Fig. 3-1 The animal experimental schedule and groups.
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B16-F0 ê,º 2 x 106 ê,D��d 50 μL > PBSCMº 1 mL >�"�

2QÉ�"d¤i���¡;�Cõ�`��}h¢� 1200~1300 mm3, Ò 3-2A, 

B)C��!"#�"[ 

!"#%ö�í*'!"#$%	
¬������Cíµ�}hµ�®!

"
'!"#$%	
 (Ò 3-3 A)Cº Co-60 �à�'éê"# (�-ray) ¬KP

�KCí*OP¬?� 10 GyCüü��Cì��OP¬ 50 Gy[�"�CqQ

¤i§�d|�`ã�Hô (Ò 3-3 B)C�¿�#¯Sº�e��CR���®C

2<!"#�"C«�C�ÂÃ¤i����C!»Qã�HmdÒ 3-3 A �¿

�2�CÆÆ��!"#�"[ 

ÊË��?-�z�¼�}h�¤+�CMå�¡¥\�1}h����Tumor 

volume (mm3) = 0.52 x length x width2 î�}h�¤ (Janik et al., 1975)C ¡
�

��¢µ£À��Cc{
µ�' X ùÂ^��C�¤}h+�[ÊË��C?

�´¾��¤ix�Cj¤i¿�ÜB1ºµv{`¡¥Ú}hw��&�Ú{

±zF!¼÷�ø>Y¼xC¥�¬ÊËf0C�Æº CO2 åæCj¼`�É¹

àCT¦dÏX�6§��§Caa`æa[ 

 

4. ÊË{
'åæÊË{
'åæÊË{
'åæÊË{
'åæ (sacrifice) 

bÊË¨* CO2 ©�|CQ¤iªÝ 12 ¤xCMº CO2 ��åæC«½

¤isC`C�� ¬CM¨­%:�¹à[�

 

(1) %:'¨­%:'¨­%:'¨­%:'¨­ 

Q¤i§��ã�®¯ôCº�2§�â°C*±3Q¤i²�³³M´³


k_2®�}µ>C¶>�
CQ�2º 30 ¹@�OÀ �·6��%:¨

­C¨­x9�·~�C0@A¸C¨y'%:d 4oC ê! 2 ¤xMº 1,750 × 

gCëy 15 æ"C�%Hmd -80°C ¹êCaa`æa[ 
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Ò 3-2 A1Ë�i�}hiûüÒ�B1Ë�i�}hi X ùÂ^Ò 

Fig. 3-2 Comparison of normal mice and tumor mice (A); X-ray image of 

normal mice and tumor mice (B). 
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Ò 3-3 A1!"#$%	
�B1¤iã�x� 

Fig. 3-3 Radiotherapy machine (A); Arrest of mice (B). 
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(2) ¹à'¨­¹à'¨­¹à'¨­¹à'¨­ 

bÊË�¨­'¹à¬1dÚÀÚÁ�¸Cd®�"F"�¤F°�N©Y

¼CÀ�Á¬���í*'�
OPF°J©{
��h��C¸¹ÊF�¤Ê

Ëwö©d@A���Ð>ÂÃC�¹à¨­g`��j¼CMº 1 X PBS Hh

`md 3.7% '6wÏX���§��C�8a`¾¿æa[ 

  

(3) ;�¾¿;�¾¿;�¾¿;�¾¿ (Murice-Lambert et al., 1989) 

a. ;�§�;�§�;�§�;�§� (fixation) 

Q¹à�¡`Cº 1X PBS HhliCT¦d 3.7% 6wÏX�ª:6§� 

24 ¤xCº 70% ��hºD¡[ 

 

b. o»*¼o»*¼o»*¼o»*¼ (paraffin embedded) 

º 80% ��)* 1 ¤xC80% ��)* 2 ¤xC90% ��)* 1 ¤xC

©CÛ¿> 90% ��ª)* 2 ¤xC©C 100% ��)* 1 ¤xCª©CÛ

¿> 100% ��)* 2 ¤xC!»º xylene Hh;�CíÈø`>;�+>s

4liCmdo»6º 60oC T¦ 1 ¤xCª©CÛ¿>o»T¦ 2 ¤xC'

§`*¼h»e[ 

 

c. o»e¾¿|o»e¾¿|o»e¾¿|o»e¾¿| (praffin block section) 

Qo»e§�dôN�¾¿� (rotary microtome) ôCQÉ¾h 6 �m >½

.¾¿CQ¾¿md 45oC øN6Cw*9¾¿¿³¾¿md¾¿ôCMmd 60oC 

TL6CíÉl�ÈøCº°È»\¿*[ 

 

d. ÕZ[�éÕZ[�éÕZ[�éÕZ[�é�\¿�\¿�\¿�\¿ (Hematoxylin & Eosin staining, H&E) 

Hemotoxylin & Eosin (H&E) ¬aÀ;�¾¿�*'\¿�|CHematoxylin 
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¬Úw\OC]k�)*Qê,$\hÁ¿CEosin ¬9w\OCKQê,>\

hÂ�¿CºòI�ê,$�ê,>[QTl`'¾¿md xylene �� 2 ¡È

»C?¡ 10 æ"CQÈ»`>¾¿©m 100% ��¡)* 2 æ"�ò�| 

xylene ª:CMQ��ºÃ¹��¡¥C°C¶ø'Ñ>CQ¾¿©m 90% �

�6Tm 1 æ"C80% Tm 1 æ"C50% Tm 1æ " C̀Q¾¿©C Mayer’s 

hematoxylin ª:��\¿  35 ÄCMºHøh  5 æ"C|�  Mayer’s 

hematoxylin ª:C!»ªº Eosin Y *©û\¿ 5 ÄC¦O 90% ��)* 2 

æ"Cª©O 100% ��)* 5 æ"CÃ`d xylene ª:6)* 10 æ"Cº

°Cg)Èø[ 

 

e. ²¿²¿²¿²¿ 

w*²¿O (mounting reagent) �ÂCí;�¾¿�Ð�Ys4�Æd±�

Q�¤[çb\¿`CQ entellan-neu ðbd;�¾¿C�ô�¾¿CM­­Å

Æ¾¿C|�²¿OCd±�Q¡�¤[ 

 

5. %HºàyzÀ%HºàyzÀ%HºàyzÀ%HºàyzÀ (IL-1�ÚÚÚÚIL-6 ���� TNF-�) æaæaæaæa  

º PeproTech \]' Murine ELISA Development Kit åÇÈ�½¾'ç�B

��ö�� IL-1� (Cat. No. 900-K47)ÚIL-6 (Cat. No. 900-K50) � TNF-� (Cat. No. 

900-M54) B�[Q capture antibody (200 μL/mL) º PBS MÓh 2 μL/mLC?@ 

well ÆO 100 μL ' capture antibody MÓ:CÌ±�mw§C�aQ ELISA plate 

PlCº 300 μL wash buffer hâ¡CQ buffer PlC? well ÆO 300 μL block 

bufferCÌ±�m 1 hrCQ bufferPlCº wash buffer hâ¡Cgh plate >á

°[� 50 μL sample MÓ 2 �CQ IL-1�ÚIL-6 � TNF-� ç�ÞMÓh¬jx

¹Cá)ç��#C?@ well ÆO 100 μL > sample � standardCÌ±�m 2 ¤

xC!»º wash buffer hâ¡CQ detection antibody MÓh 0.5 μL/mLC? well 
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ÆO 100 μLCd 37oC ©� 2 ¤xC º wash buffer hâ¡CQ avidin-HRP 

conjugate MÓ 1:2000C? well ÆO 100 μL avidin-HRP conjugateCÌ±pú 30 

æ"Cº�wash buffer h 4 ¡C? well ÆO 100 μL ABTS liquid substrateC�m

a�¿ �̀x�åÊË$ñ�Cº 1% SDS f<púCd 405 nm � 650 nm (�Ë) 

BBù¡C¢Oç��#Cºï�|�î�PCMº�c>P���Ë[  

 

6. %H%H%H%H���-ç���-ç���-ç���-ç TGF-�1 æaæaæaæa 

í* R&D system \]' DuoSet® ELISA Development System mouse TGF-�1 

Kit (Cat. No. DY1679) åÇÈ�½¾'ç�B��ö��B�[qQ�Þ��v�

�ÂC� 40 μL '%H�v�: (2.5 N acetic acid/10 M urea) ��pÁC�m 10 

æ"Cªº  40 μL >6�:  (2.7 N NaOH/1 M (4-(2-hydroxyethyl)-1- 

piperazineethanesulfonic acid, HEPES)) ��6�CÆgh�Þ'v�[ 

!»Q capture antibody (720 μL/mL) º PBS MÓh 4 μL/mLC?@ well Æ

O 100 μL capture antibody MÓ:CÌ±�mw§C�aQ ELISA plate PlCº 

400 μL wash buffer hö¡CQ buffer PlC? well ÆO 300 μL block bufferC

Ì±�m 1 ¤xCQ bufferPlCº 400 μL wash buffer hö¡Cgh plate >

á°[!»Q TGF-�1 ç�ÞMÓ�¬jx¹C� 100 μL >v�`�Þ�ç�

ÞÆO�*}y¨�' 96 ÉtCdÌ±�m 2 ¤xCº 400 μL wash buffer h

ö¡CÆO�100 μL > detection antibody (1 : 180)C�m�2�¤xCº 400 μL wash 

buffer hö¡C!»ÆO 100 μL avidin-HRP conjugate (1 : 200)C�m 20 æ"C

º�NeA-Blue TMB substrate (NeA-Blue tetramethylbenzidine substrate) pú�¿CM

º 2 N H2SO4 f<púCd 450 nm ¡BÉBù¡C¢Oç��#Cºï�|�

î�PCMº�c>P���Ë[  

 

7. %H%H%H%H%&Û�-ç%&Û�-ç%&Û�-ç%&Û�-ç VEGF æaæaæaæa 
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í* PeproTech \]' Murine ELISA Development Kit (Cat. No. 900-K99) 

åÇÈ�½¾'ç�B��ö�� VEGF B�C�|�%HºàyzÀæaP

rCd 405 nm � 650 nm (�Ë) BBù¡C¢Oç��#Cºï�|�î�PC

Mº�c>P���Ë[  

 

(èèèè) ê,ÊËê,ÊËê,ÊËê,ÊË 

1. ê,©�ê,©�ê,©�ê,©� 

¤iý¿Àê,h  B16-F0 (BCRC 60029) �¤i~�ê,  RAW 264.7 

(BCRC 60001) Z±ÝÞßÀàá����
ÊKãê»��6yC¤i�ÄÅ¢

ê, (skin primary cell) �±dÛÜ|=�¥ÊË����¥ÊË{
6y' 

C57BL/6 ¤iC��ê,.©�d Dulbecco's Modified Eagle Medium (DMEM) ©

�
6Cï� 10% G*%H (FBS) » 1% ØÁa¨�À (100 U/mL pencillin, 

100 mg/mL streptomycin, 0.25 mg/mL amphotericin)CP©Ë¹ 98%Ú37ÌÚ5 % CO2 

>©�L6C? 2-3 ���û¢[ 

 

2. ê,éêê,éêê,éêê,éê 

å6 Freshney 1994 '�|��ê,éêCéê�í*'©�
¬� 7% 

DMSO '  DMEMCQê,º  1X PBS Hh  2 ¡`CÆO  1 mL 0.25% 

trypsin-EDTA md 37ÍC ©�L�Â 1 æ"Caê,ÎÏ C̀º¬P> DMEM f

<púCQ©�
B³Cmd 15 mL ëy&º 700 x g ëy 5 æ"C!»Q©�


BlCmúhê,éê:CM��æ& ( 1 mL/&)Cmdê,néÐïCd -80oC 

Ñé 24 ¤xCúmd:¸xÒï��ãê[ 

  

3. Å¢ê,'æëÅ¢ê,'æëÅ¢ê,'æëÅ¢ê,'æë 

* 70% ��Q C57BL/6 ¤iÓÔ����CºD�µëµ�a¤¿ÓÔ;
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�C�ÆQÉmd 37Ì 'îm�m: �0.9% NaCl + 56 mM glucose + 25 mM 

HEPES + 100 U penicillin/mL + 100 mg streptomycin/mL, pH=7.2�CÕ®©�D�

J)
6Cºf�w'µëQ;�ÖAµ× (J)x"¬xØOîm�m:Cºã

ü;�Ë])CQµ×'�ÞT¦d Krebs Ringer ª:6 (5.6 mM glucoseC100 U 

penicillin/mL � 100 mg streptomycin/mL)Cd 37oC øNOóNÙS©� 90 æ

"CÙS��ÆO¬j> 0.25% trypsin-EDTA æ ;�Cº 800 x g Ì±ëy 10 

æ"`C©�ô`;�:CÆO DMEM ©�
Cd 37oCC5% CO2 ��©�[ 

  

4. ê,�wlËê,�wlËê,�wlËê,�wlË 

¬Ç ������
 (RMDE) º»É��j
> ankaflavinÚmonascin � 

citrinin ©dý¿Àê,h (B16-F0) º»¤iÓÔ�ÄÅ¢ê, (skin primary 

cell) 'OP_úCGò��ê,�wlË[Q�Þªd DMSO (dimethyl sulfoxide) 

6C$ñh¬jx¹CíÃ`ÆOê,©�
6' DMSO �P�ãw 0.1%Cê

,º 1 x 104 cells/well '´¹!Îd 24-well t6Cd 37oC ©� 24Ú48 ¤x

`C��L©[\¿ (crystal violet stain)[ 

L©[¬aÎÚ[¿\OC�")*dê,#ôC�*dæaÛC�ê,'

�¢�ÜÏ�h (colony formation) 'ûüCQ¬PL©[ªd 3.5% 6wÏX�

6°*CQê,º 1X PBS Hh 2 ¡`CÆO¬P'\¿:Ca�Ð\¿Ca�

Ð§�ê,C�m 20 æ"`CºHøHh��\OCMdv��±°�lC!

»º 2% SDS (wt/vol) ª:ÕªCd�¢ 600 nm B�Bù¡Cvê,Ý�CL©

[�PÝ�CBù¡ÄÝ^[ûüÊË;�©�;>Bù¡Cú�h¬Mæû`C

Æpúê,] RMDE º»É��j
>�Â`C©ê,�¢®
��w'ÂÃ[ 

 

5. !"#Ç.ê,àyÉ�'Ø�!"#Ç.ê,àyÉ�'Ø�!"#Ç.ê,àyÉ�'Ø�!"#Ç.ê,àyÉ�'Ø�  

!"#Ç.ê,àyÉ���*'ê,¬ Raw 264.7 ¤i~�ê,fCQ 
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3x106/well ê,!Îd 6 well 6C©� 24 ¤x C̀ÅúÛ¿' DMEM ©�
C

í*��µ�}hµ�®!"
'!"#$%	
Cº!"Kèèõ¬!"#K

P�KC��ê,'�"CQ well ºoÞ#²k`C�døt6 (øt'Ñ>¬

í!"K�s_ß)Cº 0Ú0.5Ú1Ú2 � 4 Gy ���"Cæ�©� 0Ú0.5Ú1Ú

2 � 4 ¤xC��ì RNA '��[ 

    

6. ������
�Éj
>©d!"#Çà'àypú?¯������
�Éj
>©d!"#Çà'àypú?¯������
�Éj
>©d!"#Çà'àypú?¯������
�Éj
>©d!"#Çà'àypú?¯  

¬Ç  RMDE 6C�Î�"hæ¤�� G!"#�Çà>àypúCQ 

3x106/well ' Raw 264.7 ê,!Îd 6 well 6Ca 12 ¤xê,Ût`Cº PBS 

Hh 2¡Cæ�ÆO�� 2Ú4 � 8 μg/mL > ankaflavinÚmonascin � citrinin º

» 15Ú30 � 60 μg/mL > RMDE �Âê, 30 æ`Cº 2 Gy ' Co-60 ��

�"C�"g`d 37oCÚ5% CO2 ©� 1 (IL1-� � TNF-�) � 4 (IL-6 � TGF-�) 

¤xC��ì RNA '��Cº?¯������
�ØÎ�"hæF°¤��

G!"#�Çà'àypú[ 

 

7. ìììì RNA '��'��'��'�� 

Q�Âg'ê,º PBS Hh 2 ¡CÆO 1 mL ' TRIzol® p}à½ê,C

aê,g) lysis C̀B�ª:md 1.5 mL ëy&6CÑN 5 æ"CÆO 200 μL 

chloroform � 100 μL 2M acetateCÙSps (vortex)CÑN 3 æ"Cº 12900 g ë

y 10 æ"Caæ``CQô`øª:BCÛ>ëy&CÆOª��> isopropanol 

`Cmd -20oCÑL 1¤xC��ëy&Cd 4oC ¡º 12900 g ëy 15 æ"C

ªº 70% EtOH Hh 2 ¡Cd~��ïál 30 æ"Cº 10-20 μL DEPC-treated 

water ��ÕªCÆghì RNA ��C!»Q�ÞMÓ 250 �Cd OD260/280 nm �

�B�Cû¡¯�úÏ� 1.8-2.0 �¬6yÞ>' RNA[ 

 



 

34 

 

8. ìììì cDNA 'Áh'Áh'Áh'Áh 

Q�Pg'  RNA º SuperScriptTM III First-Strand Synthesis System for  

RT-PCR kit pNz¬ cDNA[� 5 μg ' RNA ÆO 1 μL ' 50 mM oligo(dT)Ú1 

μL ' 10 mM dNTP �¬P DEPC-treated waterCíì��¬ 10 μLCd 65oC p

ú 5 æ"CÑN 1 æ"CªÆO 2 μL 10X RT bufferÚ4 μL 25 mM MgCl2Ú2 μL 0.1 

M DTTÚ1 μL RNase OUTTMÚ1 μL SuperScripTM III RTCì��¬ 20 μLCd 50oC 

pú 50 æ"C4 oC pú 10 æ"CÆgh cDNA >á°[ 

 

9. ·3·3·3·3 (primer) 'íî'íî'íî'íî 

b���"F�© IL-1�ÚIL-6 � TNF-�ªºàyzÀ����-ç TGF-� 

?¯������
�j
>F°¤¥7G!"#�·³'ày����púC

�·3íî�� 3-1[ 

 

10. nÁ1nÁ1nÁ1nÁ1oooopúpúpúpú (polymerase chain reaction, PCR) ïðïðïðïð 

    º cDNA j)É¯C�� PCRCº8�âÑç
G[PCRïð¬ 95°C  p

ú 10 minC�� pre-denaturationC!»º 95°C pú 30 secÚ60°C pú 30 sec � 

72°C pú 30 sec �� 35 Ö×í cDNA �âC!»ªº 72°C p 10 min � 

PCR ¿
ÅgñC°`º 4°C ÑN[�

 

11. DNA>ñòó�¢ôæa>ñòó�¢ôæa>ñòó�¢ôæa>ñòó�¢ôæa 

j� 2 g >ñòó (agarose) Æ�ª d 100 mL 0.5 X TAE ¢ô�m:C

(� 40 mM Tris-acetate » 1 mM EDTACºÑã9$ñ pH� 7.8)Cíñòóx¹

¬ 2.0% (w / v)Cañòóno� 50 - 60°C�xCPOäóO (gel former)CM�ô

åæ (well comb)[ªñòóno'§`C¤y�¡åæCQñòó!Oø	�¢

ôOCTd 0.5 X TAE ¢ô�mª:6[ 
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� 3-1 ·3'íî 

Table 3-1 primer design. 

 

           Primer Size (bps) 

GAPDH f: TGTGCAGTGCCAGCCTCGTC  212 

r: CGGCCTTGACTGTGCCGTTGA 

TNF-� f: ACTCCAGGCGGTGCCTATGTC 231 

r: CCTCCACTTGGTGGTTTGCTACGA 

IL-1� f: GCCAAGCTTCCTTGTGCAAGTGTC 264 

r: GTAGCTGCCACAGCTTCTCCACA  

IL-6 f: TCTGCAAGAGACTTCCATCCAGTTGC 242 

r: GACAGGTCTGTTGGGAGTGGTATCCT 

TGF-�1 f: AGGGTCTGGATCAGGTTTACCACTGC 277 

r: CACCAACCACAGCTGCGTCCATGT 
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Qçæa>�Þ� 1 �\O (� 0.25% bromophenol blueÚ0.25% xylene 

cyanol » 30% glycerol) º 511 >ûçpÁ�sCª¤y�OñòóO (well)[

!ô¢KCº¢| 50V/cm ��¢ô[ 

æëgè`C��ñòóCº ethidium bromide (EtBrC5 μg/mL) \¿ 10 æ

"`Cºø�¬HhCmd 100% [­é¡ê½\¿½>QmCMº DNA æ

3Pç�Þû©Cº¥� DNA æ3>�¤»x¹C�ê,zÀæaL	º  

GAPDH (housekeeping gene) *�ËCMº Image J \���P�[ 

 

(õõõõ) �
�îæa�|�
�îæa�|�
�îæa�|�
�îæa�| 

b���î'D6�º	�¡ ± ç�ëö (mean ± SD) �²[Ò�L	º 

SigmaPlot vs.10.0 \���ìÒC¢ôÒÊº ImageJ \����Pæa[�î

æa�í*'\�¬ SPSS vs. 16.0CºIG3+�æa (One-way ANOVA) �

��î�ÂC�;'�öfwûüº p<0.05 �²¤�±»wöf[  
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ÓâÔÓâÔÓâÔÓâÔ L	�¯�L	�¯�L	�¯�L	�¯� 

  

aaaaÚÚÚÚ{
ÊË{
ÊË{
ÊË{
ÊË 

(aaaa) ������
©d!"#%ö`������
©d!"#%ö`������
©d!"#%ö`������
©d!"#%ö`¤i�¼�´ÝP'ÂÃ¤i�¼�´ÝP'ÂÃ¤i�¼�´ÝP'ÂÃ¤i�¼�´ÝP'ÂÃ 

!"#$%wö6C½=JG!"#©dk��#���ê,�h>��C

º»àypú�·³>«��¬C�¿�ÈÝ (anorexia) >x�C�íÂÃÝ


>���B,CÅJ¿�����Ú�l�j�;����Èªx�CÃf#

�J�+¬e) ½>�(cachexia)CíîsC
ôÎC�òÆ4C����e)

½�G!"#$%&�>Ý��RÚ��B,�6.;�¼¡¥ªx�CFa¼

"�Q[�

bÊËº B16 gh¤i¬��É�C�� RMDE F°ÂÃ¤i�!"#

$%��>�¼�´ÝP[�ÊËL	Ò 4-1 î4C�!"#$%��C³Ý

7OP�^OP RMDE ;C�¼�Ë���;PjC³Ý7OP lovastatin 

;C�¼!? B16-gh��;C�³Ý^OP lovastatin ;C�¼üÉ��;

­C�;��¼ôM�°C±»wöfC�wC©�}h�¢�#Ò (Ò 4-2)C

³Ý7OP�^OP> RMDE ;�C}h¤�6y>��Cp� B16-gh�

�;�7OP lovastatin ;C}h.�¶àY¼CGòÆùíCB16-gh��;

�7OP lovastatin ;C¤i�¼ôÎCú¬}h¶à�;C�³Ý7OP�^

OP> RMDECÊÆ½Î¤i�!"#%ö`C�¼ôÎ�Ë���;'ø	[ 

�´ÝP�ÐC�Ò 4-3 Æºu�CÓ 0-7 �C�ÊË;´ÝPô�½ÎC

µ�Ë���;PjC±²C!"#$%��M�J©¤i´ÝP��ÂÃ[�

Ó 14 �³C�d!"#_`>�îC�ÊË;¤i�®}h�¶à»÷ø>Y

¼¿�C.;¤iv{`¡¥Cº;�ÊË;�´ÝPô��öfCj6 B16-

gh��;C	�´ÝP�Ó 14 �> 10.04 gC¥�Ó 28 �> 8.40 gC"¡¥ 

1.64 g[±²!"#$%`��&�>}h¶àÚ÷ø�àypúC>«JÂÃ 
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Ò 4-1ÊË�� C57BL/6 ¤i�¼+�Ò 

Ë���;1�ÚB16-gh��;1�Ú7OP lovastatin ; (25 mg/kg): �Ú7

OP lovastatin ; (50 mg/kg)1ïÚ7OP RMDE ; (100 mg/kg)1	 �^O

P RMDE ; (200 mg/kg)1
[ 

Fig. 4-1 The�body weight of C57BL/6 mice during test.  

Results are expressed as the mean + SD, n=5. Normal control: �, B16-bearing control: 

�, 25 mg/kg lovastatin/day: �, 50 mg/kg lovastatin/day: ï, 100 mg/kg RMDE/day: 	 

and 200 mg/kg RMDE/day: 
. 
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Ò 4-2 �rx� C57BL/6 ¤i}h�� 

B16-gh��;1�Ú7OP lovastatin ; (25 mg/kg): �Ú7OP lovastatin ; 

(50 mg/kg)1ïÚ7OP RMDE ; (100 mg/kg)1	 �^OP RMDE ; (200 

mg/kg)1
[ 

Fig. 4-2 Tumor volume of C57BL/6 mice in difference phase.  

Results are expressed as the mean + SD, n=5. B16-bearing control: �, 25 mg/kg 

lovastatin/day: �, 50 mg/kg lovastatin/day: ï, 100 mg/kg RMDE/day: 	 and 200 

mg/kg RMDE/day: 
. 
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Ò 4-3ÊË�� C57BL/6 ¤i	�´ÝP'+� 

Ë���;1�ÚB16-gh��;1�Ú7OP lovastatin ; (25 mg/kg): �Ú7

OP lovastatin ; (50 mg/kg)1ïÚ7OP RMDE ; (100 mg/kg)1	 �^O

P RMDE ; (200 mg/kg)1
[ 

Fig. 4-3 The average daily intake of C57BL/6 mice during test. 

Normal control: �, B16-bearing control: �, 25 mg/kg lovastatin/day: �, 50 mg/kg 

lovastatin/day: ï, 100 mg/kg RMDE/day: 	 and 200 mg/kg RMDE/day: 
. 
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¤i>Ý�[�^OP 50 mg/kg > lovastatin ;CÊdÓ 21 �>ðC	�´

ÝP�gb> 8.84 gC�Ó 28 �> 7.14 gC"¡¥ 1.70 gC�d lovastatin�

ë>()**)12�Úñò����¬CGòCùB^OP> lovastatinCí

î¤i¿�ô|).C��ÂÃ´Ý[�d7OP> lovastatin�7OP�^O

P> RMDE ;C�Ó 28 �C	�´ÝPæ�¬ 10.82Ú11.32 � 10.48 gC�

Ë���;> 9.50 g PûCæ�½^ 1.32Ú1.82 � 0.98 gC±²C³Ý���

���
�Æd½Î¤i�!"#%ö`'´ÝPC��íî¤i�¼ôÎ[ 

 

(öööö) ������
©d!"#%ö`¤i������
©d!"#%ö`¤i������
©d!"#%ö`¤i������
©d!"#%ö`¤i÷ø÷ø÷ø÷ø'ÂÃ'ÂÃ'ÂÃ'ÂÃ 

÷øF!�e)�ë>ÌÍ).'aC�"gG¬$ó_	��C.;}h

N©Cíî�%&>vsw�ÆCô��c>>ê,­:õO÷#�C�¿�÷

ø>Y¼[56q�>]ËC¤i�!"#$%`�CJ¿�!¼÷ø�{±�

.;sC>x�[¬iÅ�aöÇ  RMDE F°K��¤i�!"#$%`÷

ø>à�
CV��òÊË[dÊË��C?��¤¤i«�.�CM)�z[ 

�Ò 4-4 Æºu�C�ÊË;�Ó 21 �º�MD±»öfC�Ó 21 �

º`C÷ü�¤i¿�!¼÷ø�{±  (Ò  4-5) ªY¼[É67OP> 

lovastatin ;¬ 1 +¤iCB16-gh��;�^OP> lovastatin ;Ê¬ 2 +

¤i[ø�Ó 28 ��ÊË;¤i�à�÷øDPæ�¬CË���; 5 +Ú

B16-gh��; 2 +Ú7OP> lovastatin ; 2 +Ú^OP> lovastatin ; 3 

+Ú7OP�^OP> RMDE ÊF� 4 +Cº B16-gh��;�7OP> 

lovastatin ;÷øx�Ã¬!¼C" 3 +C�7OP�^OP> RMDE ÊF�

Ë���;PjCR� 1 +C�òL	Æºî4Clovastatin >³ÝC©d¤i

�!"#%|`'÷øà�
M�¤ÂÃC��F³Ý7OPz^OP> 

RMDEC.Æ�_¥7¤i�!"#%ö`¿�>÷øY¼C°C�Ë���;

Pj'ø	[ 
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Ò 4-4 C57BL/6 ¤i!"#%|`'÷øà�
 

a. Ë���;1�Úb. B16-gh��;1�Úc. 7OP lovastatin ; (25 mg/kg): 

�Úd. 7OP lovastatin ; (50 mg/kg)1ïÚe. 7OP RMDE ; (100 mg/kg)1

	 � f. ^OP RMDE ; (200 mg/kg)1
[ 

Fig. 4-4 Results of ascites rate of C57BL/6 mice after radiotherapy. 

TI: tumor injection; IR: irradiation. a. Normal control: �, b. B16-bearing control: �, c. 

25 mg/kg lovastatin/day: �, d. 50 mg/kg lovastatin/day: ï, e. 100 mg/kg RMDE/day: 

	 and f. 200 mg/kg RMDE/day: 
; n=5. 
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Ò 4-5 Ë�i�÷øi'ûü 

Fig. 4-5 Comparison of normal mice and ascites mice. 
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(ØØØØ) ������
©d!"#%ö`¤i}h'+������
©d!"#%ö`¤i}h'+������
©d!"#%ö`¤i}h'+������
©d!"#%ö`¤i}h'+���� 

!"#¯°©}hb«¤���¢���>)*C�}hê,b«¤�aò

Õ>�¶��CK�©!"#·³>È�C���¶ß)CGò!"#©dê,

>ÂÃö¹CJ
»x�>�Æ��îCíî}h�!"#$%`�C�¶à>

x�¿�[¬i��������
F°ÂÃ!"#$%`}h'�¢CÊË�

�C?-�¤M�z}h'�¤CdÊËL"`���îæa[ 

�}h> X ùÂ^Ò (Ò 4-6) �}hP�Ò (Ò 4-2) Æºu�C!"#

�"`C
»x�>�ÆC�;}h.�ù�>Y¼[Ó 14 �C�;}h	�

�¤�¬ 750~900 mm3CÓ 21 �>ðCG¬!"#>ÂÃ¥7Cº»}hb

«>¬úC�^OP RMDE ;­CÉ�â;.�}h¶à>x�¿�CL�Ó 

28 �C�ÊË;}h�¤æ�¬1B16-gh��; 1496.27 mm3Ú7OP 

lovastatin ; 1062.98 mm3Ú̂ OP lovastatin ; 933.44 mm3Ú7OP RMDE ; 

1018.36 mm3 �^OP RMDE ; 606.21 mm3[j6C^OP lovastatin ;�^

OP RMDE ;� B16-gh��;¤±»wöf (P < 0.05)�¬iÅ�aö?¯

������
©d!"#$%`}h'ÂÃCd{
åæ`C�É}h;��

� H&E \¿C�ê,�¸�>@¹���¤CL	 (Ò 4-7) ±²C�i B16-

gh��;º­CÉ��;�;�¾¿ (H&E stain) ôC.àY}h;���Ð

��s'Y¼ (�¿�2�)C�² lovastatin � RMDE >�ÂC.K&�}h

ê,íÉ¿��s>x�C�db¡ÊË�í*'������
6C�">«

_hæ¬ monascin � ankaflavinC^-��ó6L�=£Ê¤�¨}h�¢�

º�eê,BCª«_ (Su et al., 2005; Akihisa et al., 2005b; Yasukawa et al., 

1994; Yasukawa et al., 1996)[GòCùB¬ monascin � ankaflavin ^Î�Á


>�ú)*C��i}h>¶àº»Çí}hê,BC��s[ËÁºôC��

����
>³ÝC«ÊK¥7!"#%ö`}h>¶àCº»º�}hê,>

�s[ 
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Ò 4-6 �rx� C57BL/6 ¤i}h X ùÂ^Ò 

a. B16-gh��;Úb. 7OP lovastatin ; (25 mg/kg)Úc. 7OP lovastatin ; 

(50 mg/kg)Úd. 7OP RMDE ; (100 mg/kg) � e. ^OP RMDE ; (200 

mg/kg)[ 

Fig. 4-6 The tumor X-ray image of C57BL/6 mice in different phase. IR: irradiation. 

B16-bearing control (a), 25 mg/kg lovastatin/day (b), 50 mg/kg lovastatin/day (c), 100 

mg/kg RMDE/day (d) and 200 mg/kg RMDE/day (e).  
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Ò 4-7 ÊË{
'}h;�½Â¾¿ (400 �!�) 

a. B16-gh��;Úb. 7OP lovastatin ; (25 mg/kg)Úc. 7OP lovastatin ; 

(50 mg/kg)Úd. 7OP RMDE ; (100 mg/kg) � e. ^OP RMDE ; (200 

mg/kg)[ 

Fig. 4-7 Histopathological findings of tumor with H&E staining in C57BL/6 mice 

(400X magnification).  

B16-bearing control (a), 25 mg/kg lovastatin/day (b), 50 mg/kg lovastatin/day (c), 100 

mg/kg RMDE/day (d), 200 mg/kg RMDE/day (e). 
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(ââââ) ������
©d!"#$%`¤i;�àù'ÂÃ������
©d!"#$%`¤i;�àù'ÂÃ������
©d!"#$%`¤i;�àù'ÂÃ������
©d!"#$%`¤i;�àù'ÂÃ 

!"#Jíøæ3� ¿�vwkc (reactive oxygen species, ROS) zvw

xc (reactive nitrogen species, RNS)Cíî�ïk�|`�ÆC.;ày[ò­C

Camphausen d 2001 9½�CE;swOP>!"#�ÂCJíeê,�%K

`4±�ÆCM�{
É�6�¤C!"$%.;}hN©>Y¼ (Camphausen 

et al., 2001)[¬��������
F°¤��G!"#�·³;�ày�}h

N©'Y¼CVdÊËL"`C¨�¹à��­��½Â¾¿æa[ 

�;�½ÂËÁ��� (� 4-1) �;�­�Â^ÒÆºu�C!�!"#

$% C̀�&³Ý�Þ�°C©d¤i'd (Ò 4-8A)ÚÁ (Ò 4-8B) �À¹ (Ò 

4-9A) M�¤ÂÃC±²C¹àM��G}hê,�!"#>Çà�¿�}hN

©>Y¼[º H&E \¿�îL	ÄÆu�Cd® (Ò 4-10)ÚÁ¹ (Ò 4-11) �

À¹ (Ò 4-12) >;�¾¿ÒC�ÊË;�MD±»wöf[�òÆ4C!"#

M�ú!z�!©dd¹ÚÁ¹�À¹�h��C}hê,Ä�G!"#�"�

à�}hN©>x�[ò­C�	�*�Þ'OPb«WJ©{
��h�w�

�CW�¤�py>�Æ_	CÄ�K�F6y'ã>ÝÞC�Ò 4-11 � 4-12 

L	Æºu�CbÊË�í*' lovastatin � RMDE OPC©d{
b«F»

)>CM�©¤i'À�Áª¢<àù�h��[  

�¸¹�ÐCG}h�!"#$%>ÂÃCí«�¿�!¼>@ApúC�

.;¸¹�}�>x�¿� (� 4-1)C�;¸¹}��û+Dû (¸¹}�+D

/ì+D) æ�¬Ë���; 0/5ÚB16-gh��; 5/5Ú7OP lovastatin ; 

3/5Ú^OP lovastatin ; 1/5Ú7OP RMDE ; 1/5 �^OP RMDE ; 

0/5C�;¸¹	�}�ö¹ (Ò 4-13) ¬Ë���; 0ÚB16-gh��;¬ 

3.6Ú7OP lovastatin ; 2.4Ú^OP lovastatin ; 0.4Ú7OP RMDE ; 0.4 

�^OP RMDE ; 0Cj6^OP lovastatin ;Ú7OP�^OP RMDE ;

� B16-gh��;¤�±»wöf (p < 0.05)[��¸¹ H&E \¿ (Ò 4-14) 
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� 4-1 C57BL/6 ¤id!"#$%`�r�Â;�½ÂËÁ�� 

Table 4-1 Summary of pathological incidence of C57BL/6 mice with different 

treatment after radiotherapy. 

 

Group 
Thigh muscle 

(Tumor mass) 

Lung 

(Metastasis) 

Spleen 

(Splenomegaly) 
Kidney Liver 

a N - - - - 

b 5/5     - 5/5 - - 

c 5/5 - 3/5 - - 

d 5/5 - 1/5 - - 

e 5/5 - 1/5 - - 

f 5/5 - - - - 

-: No effect; N: no tissue. a: normal control, b: B16-bearing control, c: 25 mg/kg 

lovastatin/day, d: 50 mg/kg lovastatin/day, e: 100 mg/kg RMDE/day, f: 200 mg/kg 

RMDE/day. 
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Ò 4-8¹à­�Ò[A1d¹ÚB1Á¹ 

Fig. 4-8 Gross findings of lung and kidney in appearance. Lung (A); Kidney (B). 
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Ò 4-9¹à­�Ò[A1À¹ÚB1¸¹ 

Fig. 4-9 Gross findings of liver and spleen in appearance. Liver (A); Spleen (B). 
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Ò 4-10 d¹;�¾¿ (40 �!�) 

a. Ë���;Úb. B16-gh��;Úc. 7OP lovastatin ; (25 mg/kg)Úd. 7

OP lovastatin ; (50 mg/kg)Úe. 7OP RMDE ; (100 mg/kg) � f. ^OP 

RMDE ; (200 mg/kg)[ 

Fig. 4-10 Histopathological findings of lung with H&E staining in C57BL/6 mice 

(40X magnification).  

Normal control (a), B16-bearing control (b), 25 mg/kg lovastatin/day (c), 50 mg/kg 

lovastatin/day (d), 100 mg/kg RMDE/day (e), 200 mg/kg RMDE/day (f).
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Ò 4-11 Á¹;�¾¿ (40 �!�) 

a. Ë���;Úb. B16-gh��;Úc. 7OP lovastatin ; (25 mg/kg)Úd. 7

OP lovastatin ; (50 mg/kg)Úe. 7OP RMDE ; (100 mg/kg) � f. ^OP 

RMDE ; (200 mg/kg)[ 

Fig. 4-11 Histopathological findings of kidney with H&E staining in C57BL/6 mice 

(40X magnification).  

Normal control (a), B16-bearing control (b), 25 mg/kg lovastatin/day (c), 50 mg/kg 

lovastatin/day (d), 100 mg/kg RMDE/day (e), 200 mg/kg RMDE/day (f). 
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Ò 4-12 À¹;�¾¿ (40 �!�) 

a. Ë���;Úb. B16-gh��;Úc. 7OP lovastatin ; (25 mg/kg)Úd. 7

OP lovastatin ; (50 mg/kg)Úe. 7OP RMDE ; (100 mg/kg) � f. ^OP 

RMDE ; (200 mg/kg)[ 

Fig. 4-12 Histopathological findings of liver with H&E staining in C57BL/6 mice 

(40X magnification).  

Normal control (a), B16-bearing control (b), 25 mg/kg lovastatin/day (c), 50 mg/kg 

lovastatin/day (d), 100 mg/kg RMDE/day (e), 200 mg/kg RMDE/day (f).
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Group a b c d e f 

No. 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 

Degree - - - - - 4 4 2 4 4 - 4 4 4 - 2 - - - - - 2 - - - - - - - - 

Ratio 0/5 5/5 3/5 1/5 1/5 0/5 

 

 

Ò 4-13 C57BL/6 ¤i¸¹}�½Âö¹ 

a. Ë���;Úb. B16-gh��;Úc. 7OP lovastatin ; (25 mg/kg)Úd. 7

OP lovastatin ; (50 mg/kg)Úe. 7OP RMDE ; (100 mg/kg) � f. ^OP 

RMDE ; (200 mg/kg)[ 

Fig. 4-13 The pathological incidence of splenomegaly in C57BL/6 mice.  

Normal control (a); B16-bearing control (b); 25 mg/kg lovastatin/day (c); 50 mg/kg 

lovastatin/day (d); 100 mg/kg RMDE/day (e); 200 mg/kg RMDE/day (f).  

Degree of lesions was graded from one to five depending on severity: 1 = minimal (< 

1%); 2 = slight (1-25%); 3 = moderate (26-50%); 4 = moderate/severe (51-75%); 5 = 

severe/high (76-100%). Results are expressed as the mean + SD, *, P < 0.05, n=5. 
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Ò 4-14 ¸¹;�¾¿ (40 �!�) 

a. Ë���;Úb. B16-gh��;Úc. 7OP lovastatin ; (25 mg/kg)Úd. 7

OP lovastatin ; (50 mg/kg)Úe. 7OP RMDE ; (100 mg/kg) � f. ^OP 

RMDE ; (200 mg/kg)[ 

Fig. 4-14 Histopathological findings of spleen with H&E staining in C57BL/6 mice 

(40X magnification).  

Normal control (a); B16-bearing control (b); 25 mg/kg lovastatin/day (c); 50 mg/kg 

lovastatin/day (d); 100 mg/kg RMDE/day (e); 200 mg/kg RMDE/day (f). 
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ôÄàYCB16-gh��;d;�¾¿ôC��Püýi��>x� (�¿�2

�)CÉ��;�Ë���;PûCMD±»wöf[�düýi¬@Aê,'

aC��ï�\�·wàyôC?�¼"@¿CùBú¬!"#�"`�¿�> 

ROS � RNS �ïê,> DNAÚ�c>�lj>ª~æ3C©Ë�ê,�hÈ

�C.;�ï¿�üüw>àypúC� RMDE 6¤��Î¨k��¨ày


>C*)1monascin (Lee et al., 2006b)Úankaflavin (Akihisa et al., 2005a) � 

dimerumic acid (Aniya et al., 2000; Taira et al., 2002; Tsai et al., 2009)CùBú¬ô

|hæ'�Pú)*¡C�­i!"#©dË�;�'��C� �ï>k��

��@ApúC�íî¸¹Õ¶�Ë�¤i'ø	[ 

 

(����) ������
©d!"#%ö`¤i%H'ÂÃ������
©d!"#%ö`¤i%H'ÂÃ������
©d!"#%ö`¤i%H'ÂÃ������
©d!"#%ö`¤i%H'ÂÃ 

1. %Hºà%Hºà%Hºà%HºàyzÀyzÀyzÀyzÀ (IL-1�ÚÚÚÚIL-6 ���� TNF-�) ææææaaaa 

!"#$%'�ºJ©Ë�;�����C�"gG¬¿�àypúC�d

}h6M�)°�}hê,;hC3*�i��+ê, (fibroblasts) �~�ê, 

(macrophage)CGòCj!"#©d}h���"xCJÇí}hê,æ,��

zÀ (chemokine) zú!�z~�ê,�Pæ,ºàyzÀ tumor necrosis 

factor-� (TNF-�)Úinterleukin-1� (IL-1�) � interleukin-6 (IL-6) íî«�¿�ày

pú[�ó-�Càywö6>wk�
�±�
J.;
G*+ (Jackson and 

Loeb, 2001) µeê,¢��d·wàyx�¡CJN¬Kw*àyG3>���

(Lazar-Molnar et al., 2000)[�òÆ4C��0@!"#�·³>àypúC¬a

19 Z>�Q[ 

�Id¸¹½Â¾¿./Â$ (� 4-1) �àY¸¹}�>x�C¬iÅ�

aö?¯������
F°K� G!"#$%�&�>àypúCV�©¤

i%HºàyG3 TNF-�ÚIL-1� � IL-6 ��æa[�Ò 4-15 L	±²CB16-

gh��;�Ë���;�%H TNF-� �c>�YôCMD4±öfC�^O 
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Ò 4-15 !"#$%` C57BL/6 ¤i%H TNF-� �Y 

Fig. 4-15 Serum TNF-� levels in C57BL/6 mice after radiotherapy. 

Results are expressed as the mean + SD, *p<0.01 vs. IR, n=5.  
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P> lovastatin ;Ú7OP> RMDE ;�^OP> RMDE ;� B16-gh��

;PûCæ�¡¥i 57%Ú51% � 61%C¤±»wöf (p < 0.01)[� IL-1� ®

æCB16-gh��;�Ë���;PûCÉ�c>�YôÎi 42%C°C±»

wöf (p < 0.01)C±² IL-1� J�!"#$%>wö6½ Ĉ�³Ý lovastatin 

� RMDE ;C�;¡¥ö¹æ�¬7OP lovastatin ; 45%Ú̂ OP lovastatin 

; 45%Ú7OP RMDE ; 59% �^OP RMDE ; 51%C� B16-gh��

;û.¤±»wöf (p < 0.01) (Ò 4-16)[� IL-6 ®æCB16-gh��;�Ë

���;PûC�c>�YP½^i 48%C¤±»wöf (p < 0.01)C³Ý7O

P lovastatin ;� B16-gh��;� IL-6 �c>�Yô� B16-gh��;P

jCM�G³Ý lovastatin �© IL-6 �c>�YP��ÂÃC��^OP 

lovastatin ;Ú7OP RMDE ;�^OP RMDE ;CIL-6 �c>�YPæ�

¡¥ 46%Ú70% � 49%C°�îô'±»wöf (p < 0.01) (Ò 4-17)[¡î�

�>F�^OP> RMDE ³Ý¡C%H6 IL-6 �c>�YPû7OP> 

RMDE ;3"�>^CÆKF^OP> RMDE �ÂC©{
�ï�hk��

�C.;�ï¿�­�>·wàypúCG��hòY¼[ 

�ºôL	Æºu�C!"#KÇà%HºàyzÀ IL-1� � IL-6 �c>

�P�YC©d�TNF-� �c>�YM�¤ÂÃ[�d�TNF-� ¬`��Æwà

y-çCG�.;ÊËÌ�D|4±u�Ë���;��B16-gh��;��

TNF-� �Yô'öf[�ñ��'CRMDE >³Ý©d%H6 TNF-�ÚIL-1� � 

IL-6 �c>�Y«ÊL¤�±»w¥7'_	[Martinkova d 1999 9Ä½� 

ankaflavin � monascin ©§i¸¹ T ê,¤�@A��>)* (Martinkova 

et al., 1999)[�bÊË�í*'������
6��P>  ankaflavin � 

monascinCùB�ò^Î�Á
©d¤i�ïG!"#$%�.; T ê,�P

��'x�¿�@A��C��!"#$%�·³ IL-1� � IL-6 �c>>�P

�YC¥7%H6 TNF-� >�PC�°C���ïàypú>_	[ 
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Ò 4-16 !"#$%` C57BL/6 ¤i%H IL-1� �Y 

Fig. 4-16 Serum IL-1� levels in C57BL/6 mice after radiotherapy.  

Results are expressed as the mean + SD, #p<0.01 vs. control, *p<0.01 vs. IR, n=5. 
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Ò 4-17 !"#$%` C57BL/6 ¤i%H IL-6 �Y 

Fig. 4-17 Serum IL-6 levels in C57BL/6 mice after radiotherapy.  

Results are expressed as the mean + SD, #p<0.01 vs. control, *p<0.01 vs. IR, n=5. 
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2. Nú�¢G3Nú�¢G3Nú�¢G3Nú�¢G3-�1 (transforming growth factor �1, TGF-�1) æaæaæaæa 

!"#�iJ��Ë�;�¿�àypú­CÄJú!z�!v� 

TGF-�1CíÉ� TGF-� ��LÁCã{ smad ������CÃ`.;��+

ê,�Ë����óg�c>3�C�í;�¿����>Y¼  (Bentzen, 

2006)[ò­C!"#�·³>�IL-1� � IL-6 �P�YÄJºí;���� 

(Chen et al., 2001; Chen et al., 2005)[¬i��������
F°K� !"#

�·³;����>x�C�¤i%H�� TGF-�1 æa[ 

�Ò 4-18 î4C!�!"#$%��³ã���Þ> B16-gh��;C

É  TGF-�1 �c>�YP�Ë���;Pû�Æi  29%C¤±»wöf 

(p<0.05)C±²bÊË�Ø�'!"#$%É�J½Î¤i�ï TGF-�1 �c>

�YPC³Ý7OP�^OP lovastatin �³Ý7OP�^OP RMDE ;� 

TGF-�1 �c>�YPôCÊæ�¡¥i 23%Ú27%Ú33% � 26%Cj6^O

P lovastatin �³Ý7OP�^OP RMDE ;� B16-gh��;Pû¤±»

wöf (p<0.05)C�³Ý7OP> lovastatin ;MD±»_	CÆKFOPE7

�D|�_�� TGF-�1 �c>>�YC�ô|L	±²CRMDE >³ÝÆº

�_��G!"#$%·³  TGF-�1 ôÎC�������
6ô�

monascinÚankaflavin � citrininCF5aÎhæK� G!"#$%�.; 

TGF-�1 ôÎ>x�Ñ�þ�4«C�a`üê,lË«½[ 

 

3. %&ï��¢G3%&ï��¢G3%&ï��¢G3%&ï��¢G3 ( vascular endothelial growth factor, VEGF) æaæaæaæa 

%&ï��¢G3 (VEGF) ¬}h�¢�N©'¼"-çC}h]!"#

�"`CJ�Pæ, VEGF º�zÛ%&�hC¾�Å�>�æCº8�¢�

£¤[w|��Ð±²C^KP>!"$%�/·³}hN©C��©ò�
_ 

úíîÊË?¯!"#�v�}hê,'©{�%`ªPQ
G��Ä-�Cî

*E;swOP�Â}hê,`C!"#Kzàê,N©PQ��>v� (Bea  
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Ò 4-18 !"#$%` C57BL/6 ¤i%H TGF-�1 �Y 

Fig. 4-18 Serum TGF-�1 levels in C57BL/6 mice after radiotherapy. Results are 

expressed as the mean + SD, #p<0.05 vs. control, *p<0.05 vs. IR, n=5. 
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et al., 2003; Dent et al., 2003; Artman et al., 2010)[¬iÇ ������
F°

¤��G!"#%|�·³' VEGF >ôÎC.;$%> �CGò��òÊ

Ë[ 

�Ò 4-19 Æºu�CR!�!"#$%��¾�Þ> B16-gh��;C

É VEGF �c>�YPûË���;ôÎ 54%C°±»wöf (p<0.01)C±²

}hê,«ÊJG!"#�z�Çà VEGF �c>�YC.;%&Û�C�³

Ý7OP�^OP lovastatin ;�³Ý7OP�^OP RMDE ;CVEGF >�

YPæ�¡¥i 66%Ú70%Ú80% � 79%C�ÊË;� B16-gh��;PûC

.¤±»wöf  (p<0.01)[òL	�b��Ìq��à�'��u��
 

(ethanol extract of red mold rice, RMRE) ��deN©'L	PJ (Ho and Pan, 

2009)[³Ý RMDEC«ÊK�_��G!"#�"�Çà}hê,�P�Y 

VEGF 'x�C��}h¶àº»2<eê,N©[ 

 

ööööÚÚÚÚê,ÊËê,ÊËê,ÊËê,ÊË 

(aaaa) ûüûüûüûü������
»Éj
>©dý¿Àê,h������
»Éj
>©dý¿Àê,h������
»Éj
>©dý¿Àê,h������
»Éj
>©dý¿Àê,h (B16-F0) ��Ä��Ä��Ä��ÄÅ¢Å¢Å¢Å¢

ê,ê,ê,ê, (skin primary cell) 'ÂÃ'ÂÃ'ÂÃ'ÂÃ 

�Id{
ÊËî4 RMDE ¤���!"#$%`}h'¶à�º�}

hê,�sªY¼C¬iÅ�aö?¯ RMDE 6�T¬�Îhæ��}hê,

>�¢º»ûü�hæ©dË�ê,F°¤��w��CV��òÊË[¨qº 

HPLC �� RMDE hææaC�ÊËL	 (� 4-2) ±²CRMDE 6'�"«

_hæ¬1monascinÚankaflavin � citrininCÉ�Pæ�¬19.77Ú3.12 � 0.06 

mg/g[GòC`üê,ÊËQºòØÎj
>��?¯[ 

Q B16-F0 �¤i�ÄÅ¢ê,º 0Ú15Ú30Ú45Ú60 � 75 μg/mL èÎ

�rx¹' RMDE �ÂCæ�©� 24 � 48 ¤xC��¤ RMDE ©d1^

fê,>��x�[�Ò 4-20A î4Cº 15 μg/mL > RMDE �Â 24 ¤xC  
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Ò 4-19 !"#$%` C57BL/6 ¤i%H VEGF �Y 

Fig. 4-19 Serum VEGF levels in C57BL/6 mice after radiotherapy.  

Results are expressed as the mean + SD, #p<0.01 vs. control, *p<0.01 vs. IR, n=5. 
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� 4-2 ������
6 monacolin KÚankaflavinÚmonascin » citrinin �P 

Table 4-2 The concentration of monacolin K, ankaflavin, monascin and citrinin in 

ethanol extracts of red mold dioscorea. N/D = not detected. 

 

Compound Concentration 

 (mg/g RMDE) 

Monacolin K N/D 

Ankaflavin 3.12 

Monascin 9.77 

Citrinin 0.06 
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©d B16-F0 �¤i�ÄÅ¢ê,M�¤4±>��_	CÉêv
æ�¬ 92 

� 89%C�
»x¹>½ÎC^fê,>êv
Ð>ð¡¥[x¹¬ 45 μg/mL 

xC¤i�ÄÅ¢ê,>êv
¬ 68% C� B16-F0 ê,oR�¡ 38%Cj

x¹°C 75 μg/mL xCB16-F0 �¤i�ÄÅ¢ê,>êv
æ�¬ 57% � 

10%CPö 47%[�Â 48 ¤x (Ò 4-20B)CRMDE ©d B16-F0 ê,>��

_	û³ 24 ¤xÅ¬4±CRMDE x¹� 30 μg/mLxCB16-F0 �¤i�Ä

Å¢ê,>êv
æ�¬ 31% � 93%Cd 45 μg/mL xCB16-F0 ê,>êv


ÅR�¡ 5%C�¤i�ÄÅ¢ê,o3� 69%Cjx¹½ÎC 75 μg/mL 

xCB16-F0 ��ÄÅ¢ê,>êv
æ�¬ 50% � 4%C^-Pö 46%[±

²Cº�rx¹> RMDE �Â B16-F0 �¤i�ÄÅ¢ê, 24 � 48 ¤xC

RMDE ©d B16-F0 �ü²>ê,�wCµ�YOP_ú (dose-dependent) �

x�_ú (time- dependent)[  

º ankaflavinÚmonascin � citrinin �Â¤i�ÄÅ¢ê, (Ò 4-21A) �

B16-F0 ê, 24 ¤x (Ò 4-21B)CÊËL	±²CØÎj
>��rx¹>�

Â¡C©d¤i�ÄÅ¢ê,M�¤4±>��_	Cjx¹° 8 μg/mL xC

¤i�ÄÅ¢ê,>êv
æ�¬ ankaflavin > 87%Úmonascin > 87% � 

citrinin > 81%[� B16-F0 ê,�wlËL	î4Cº�rx¹' ankaflavin 

� citrinin �ÂC�îL	�¤i�ÄÅ¢ê,ÊËL	Pj[�j monascin 

x¹° 6 μg/mL xCB16-F0 ê,>êv
�¡ 77%C�	Qx¹½^� 8 

μg/mLCêv
ÅR�¡ 66%[�òÆ4CRMDE 6> ankaflavin � citrinin ©

d�ÄÅ¢ê,� B16-F0 M�¤4±��_	C� monascin ©dË�ê, 

(skin primary cell) �¤4±��C�oÆº�_��eê, (B16-F0) >�¢[ 

 

(öööö) !"#Ç.!"#Ç.!"#Ç.!"#Ç. Raw 264.7 ê,àyÉ�'Ø�ê,àyÉ�'Ø�ê,àyÉ�'Ø�ê,àyÉ�'Ø� 

¬iÇ ������
6�Îhæ¤�� G!"#�Çà>àyp 



 

67 

 

 

 
 

Ò 4-20 RMDE �� B16-F0 ��ÄÅ¢ê,�¢'OP�x�Q�[ A1 

24 ¤x�B148 ¤x[ 

Fig. 4-20 Concentration- and time-dependent effects of RMDE on cell viability 

of B16-F0 and skin primary cells. 24 hr (A); 48 hr (B). 
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Ò 4-21 AnkaflavinÚmonascin � citrinin ©d B16-F0 ��ÄÅ¢ê,�

¢'OPQ�[A1�ÄÅ¢ê,�B1B16-F0[ 

Fig. 4-21 Concentration-dependent effects of ankaflavin, monascin and citrinin 

on cell viability of B16-F0 and skin primary cells.  

Skin primary cells (A); B16-F0 (B). 
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úCGòº¤i~�ê,f Raw 264.7 ¬��©¼Cw*pNznÁ1opú 

(reverse transcription polymerase chain reaction, RT-PCR) �¾C?¯�r!"#O

P�©�x�©dê,6'ºàyzÀ TNF-�ÚIL-1� � IL-6 � mRNA �Y

ô'öfCº*¬`ü��'É�[ 

�Ò 4-22A î4CTNF-� mRNA � 1 � 2 Gy >!"#�"¡C¤�Ã

�>�YPC� IL-1� �Ð (Ò 4-22B)Cº 0.5Ú1Ú2 � 4 Gy >!"#�"C

.Æ�_Çàê,6 IL-1� mRNA >�YC� IL-6 ®æ (Ò 4-22C) Ê
»!

"#OP>½ Ĉê,6 IL-6 mRNA >�YPÐ�»½ÎCº 2 Gy °Ã^¡[  

!»º 2 Gy >!"#�"ê,`C©��rx�C�¤ê,6�@ºày

zÀ mRNA >�YC�Ò 4-23A î4Cê,��g!"#`©� 0.5 � 1 ¤

xC¤�Ã�> TNF-� mRNA �YPC�g!"#`©� 0.5Ú1Ú2 � 4 ¤

xC.Æ�_Çà IL-1� mRNA >�YCµ�;�D4±öf (Ò 4-23B)CIL-6 

mRNA �YPÊ
»x�>�Æ�½^C�Yx�_ú (time-dependent) (Ò

4-23C)[ËÁºôL	C!"#Ç.ê,àyÉ� 2 Gy '!"#©d Raw 

264.7 ê,���"`Cæ�©� 1 (TNF-� � IL-1�) � 4 (IL-6) ¤xC��

¤ºàyzÀ TNF-�ÚIL-1� � IL-6 mRNA �Yô'öf[ 

 

(ØØØØ) ������
»Éj
>©d!"#Çà������
»Éj
>©d!"#Çà������
»Éj
>©d!"#Çà������
»Éj
>©d!"#Çà Raw 264.7 ê,ày'ÂÃê,ày'ÂÃê,ày'ÂÃê,ày'ÂÃ 

!"#$%Ã�>()*Xwdàypú>¿�C�{
ÊËL	î4C³

Ý RMDE K�_¥7¤i%HºàyGzÀ TNF-�ÚIL-1� � IL-6 >¿�C

¬iÅ�aö?¯ RMDE hæ6�hòY¼'hæCV��òÊË[å6b�

�Ø�'!"#Ç. Raw 264.7 ê,àyÉ�����CRMDE x¹�* 0Ú

15Ú30Ú60 μg/mLCankaflavinÚmonascin � citrinin Ê�* 0Ú2Ú4 � 8 μg/mL 

��ÊË[ 
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Ò 4-22 �r!"#OP�" Raw 264.7 ê,6 TNF-�ÚIL-1� � IL-6 

mRNA �Y'ÂÃ[A1TNF-��B1IL-1��C1IL-6[ 

Fig. 4-22 The dose effect of TNF-�, IL-1� and IL-6 mRNA expression in Raw 

264.7 cells after irradiation. TNF-� (A); IL-1� (B); IL-6 (C). 
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Ò 4-23 º!"#�"�rx� Raw 264.7 ê,6 TNF-�ÚIL-1� � IL-6 

mRNA �Y'ÂÃ[A1TNF-��B1IL-1��C1IL-6[ 

Fig. 4-23 The time effect of TNF-�, IL-1� and IL-6 mRNA expression in Raw 

264.7 cells after irradiation. TNF-� (A); IL-1� (B); IL-6 (C).
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�Ò 4-24A L	î4C30 μg/mL ' RMDE Æ±»¥7 TNF-� mRNA >

�Y (p < 0.01)C�jx¹½Î� 60 μg/mL xCÉ_	Å�C_	���;P

j[�Ò 4-24B î4C2 μg/mL ankaflavin � IR ;�±»wöf (p < 0.01)C

µ
»OP>½Î  TNF-� mRNA >�YÐ
»¡¥C�YOP_ú 

(dose-dependent)[Monascin (Ò 4-24C) � citrinin (Ò 4-24D) 'L	PrC2Ú4 

z 8 μg/mL .D±»_	[ 

�Ò 4-25A L	î4Cº 15Ú30 z 60 μg/mL > RMDE �Âê,C.

Æ�_��ê,6 IL-1� mRNA >�YC�YOP_ú (dose-dependent) Cµ

°±»wöf (p < 0.01)[�Ò 4-25B »Ò 4-25C 'L	î4C��º 2Ú4 z 

8 μg/mL > ankaflavin z monascin �ÂCIL-1� mRNA �YP.�YOP_ú 

(dose-dependent) ¡¥Cµ¤±»wöf (p < 0.01)[º citrinin �ÂÊD4±¥

7>_	 (Ò 4-25D)[ 

�Ò 4-26A L	±²Cº 15 μg/mL > RMDE �Âê,CW°C±»w

�� IL-6 mRNA >�Y (p < 0.01)C�jx¹½Î� 30 � 60 μg/mL xC�

�_	Å°C��;'ø	[º 2 μg/mL > ankaflavin �Âê,CÉ IL-6 

mRNA >�Y���;PjC¤±»wöf (p < 0.01)Cjx¹½Î� 8 

μg/mLCÉ IL-6 mRNA �YPÅ7d��; (Ò 4-26B)[�&º 2Ú4 z 8 

μg/mL ' monascin �ÂCIL-6 mRNA >�YP.Ö7d IR ;C���;P

jC¤±»wöf (p < 0.01) (Ò 4-26C)[�rx¹> ctrinin �ÂC©d!"

#�Çà' IL-6 mRNA �YMDÂÃ (Ò 4-26D)[�

ËÁºôL	CRMDE >�ÂK�_¥7!"#�·³ Raw 264.7 ê,6 

TNF-�ÚIL-1� � IL-6 mRNA >�YPCRMDE 6' ankaflavin ©d1ØÎº

àyzÀ.�6y>��_	Cmonascin ÊK�© IL-1� � IL-6 ����C

©d TNF-� ÊD4±_	Ccitrinin ©dØÎºàyzÀ>�YD±»wÂ 
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Ò 4-24 !"#�"`�º�r�Þ�Âx Raw 264.7 ê,6 TNF-� mRNA 

�Y'ÂÃ[A1RMDE�B1ankaflavin�C1monascin�D1citrinin [ 

Fig. 4-24 The effect of TNF-� mRNA expression level in Raw 264.7 cell treated with 

different material after irradiation. RMDE (A); ankaflavin (B); monascin (C); citrinin 

(D), **, p<0.01 vs. IR. 
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Ò 4-25 !"#�"`�º�r�Þ�Âx Raw 264.7 ê,6 IL-1� mRNA �

Y'ÂÃ[ A1RMDE�B1ankaflavin�C1monascin�D1citrinin[ 

Fig. 4-25 The effect of IL-1� mRNA expression level in Raw 264.7 cell treated with 

different material after irradiation. RMDE (A); ankaflavin (B); monascin (C); citrinin 

(D), **, p<0.01 vs. IR. 
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Ò 4-26 !"#�"`�º�r�Þ�Âx Raw 264.7 ê,6 IL-6 mRNA �

Y'ÂÃ[ A1RMDE�B1ankaflavin�C1monascin�D1citrinin[ 

Fig. 4-26 The effect of IL-6 mRNA expression level in Raw 264.7 cell treated with 

different material after irradiation. RMDE (A); ankaflavin (B); monascin (C); citrinin 

(D), **, p<0.01 vs. IR. 
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ÃC�òÆ4 RMDE '�º�6y¨ày_	Cú¬ ankaflavin � monascin 

>)*[ 

 

 (ââââ) ������������
»Éj
>©d!"#Çà����
»Éj
>©d!"#Çà����
»Éj
>©d!"#Çà����
»Éj
>©d!"#Çà TGF-�1 'ÂÃ'ÂÃ'ÂÃ'ÂÃ 

¬iÇ  RMDE 65aÎhæ¤�� !"#�·³ TGF-�1 ôÎ'x

�Cº RMDE 6'j
> ankaflavinÚcitrinin  � monascin �Â Raw 264.7 

ê,C�¤�Î
>©dê, TGF-�1 mRNA �Y'ÂÃ[ 

�Ò 4-27A î4Cº 15Ú30 � 60 μg/mL > RMDE �ÂCK�_¥7

ê,ï TGF-�1 mRNA  >�YC�YOP_ú (dose-dependent)Cµ¤±»w

öf (P < 0.01)[7x¹> ankaflavin (2 � 4 μg/mL) ©dê,ï TGF-�1 

mRNA �YPôMDÂÃC�jx¹° 8 μg/mL xC� IR ;PûC¤±»w

¥7 (P < 0.01) (Ò 4-27B)[� ankaflavin L	PrC� 8 μg/mL ' monascin

� IR Pû¤�±»wöf (P < 0.01) (Ò 4-27B)[Citrinin ©dê,6 TGF-�1 

mRNA >�YMDÂÃ[ 

�ô|L	Æºî4CRMDE 6> ankaflavin � monascinCK��!"#

�Çà Raw 264.7 ê,6' TGF-�1 mRNA >�Y[ 

 

(����) ������������
����
����
����
� � � � !"#!"#!"#!"#$%&�()*'$%&�()*'$%&�()*'$%&�()*')*)*)*)*�������� 

�b���îL	ÆºùB�Ò 4-28 '��[^KP>!"#Jºí~�

ê,v�C�Pæ, TNF-�ÚIL-1� � IL-6 ªºàyzÀCíî- ;�¿�

!¼>àypúCRMDE >�ÂK��~�ê,ºàyzÀ>æ,CÉ«_h

æ ankaflavin ©ØÎºàyzÀ.��� mRNA �Y>_	C� monascin Ê

© IL-1� � IL-6 ¤��)*[ò­C!"#Jú!z]� IL-1� � IL-6 ªº

àyzÀv�  TGF-�  ã{���PQ����CRMDE �É«_hæ 

ankaflavin � monascin ÄK���� IL-1� � IL-6 >�YC�°C�� 
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Ò 4-27  !"#�"`�º�r�Þ�Âx Raw 264.7 ê,6 TGF-�1 mRNA 

�Y'ÂÃ[ A1RMDE�B1ankaflavin�C1monascin�D1citrinin[ 

Fig. 4-27 The effect of TGF-�1 mRNA expression level in Raw 264.7 cell treated 

with different material after irradiation. RMDE (A); ankaflavin (B); monascin (C); 

citrinin (D), **, p<0.01 vs. IR. 
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Ò 4-28  ������
� !"#$%&�()*')*��Ò 

Fig. 4-28 Mechanism of moderation of side effects of radiotherapy by ethanol extract 

of red mold dioscorea. 
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TGF-�1 >¿�C2<�����>ã{[ò­!"#>�"�àyx�¡C.

J©}hê,�hÈ��ºí}hæ,%&Û�G3 (VEGF) �h}h¶à�

N©CRMDE >�ÂK�_¥7!"#$%`¤i%H VEGF >�YC��%

&Û�[ 
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Ó�ÔÓ�ÔÓ�ÔÓ�Ô ËÁ¯�ËÁ¯�ËÁ¯�ËÁ¯� 

 

!"#$% (radiotherapy) ¬Y�e)$%>¼"��'aCE�Ow$%

É��d­
ß¾C�+®w�"$%Ä��¥7����
$%��h')«

wpú[°��!"#$%wö6C!"#�iJ��eê,º­CÄJíî�

ïk�|`�ÆC.;àypúC��íî� Ë�;�¿����#�e�>

x�C!¼ÂÃ$%_	CGòC���_¥7G!"#�&�>()*C¬a

¼"�Q[ 

b��º B16-gh¤i (B16 bearing mice) Ø�!"#$%É�C�ÊË

L	±²C³Ý������
 (RMDE)CK�_¥7¤i�!"#$%`��

¿�>÷øY¼CÄK�_½Î¤i�!"#%ö`>´ÝPC��íî¤i�

¼ôÎC��$%`��+¬e) ½> (cachexia) >�J[ 

�}h+�ôClovastatin ¬�4¤���eê,�¢�º�}hê,BC 

(Mo and Elson, 2004; Shellman et al., 2005; Wong et al., 2002)Ú��eê,N© 

(Alonso et al., 1998; Nubel et al., 2004; Shibata et al., 2004; Ho and Pan, 2009) �¨

ày (Lefer, 2002; McCullough, 2001; Yeung and Tsao, 2002) ª«_'�Á
[³

Ý^OP RMDE (200 mg/kg) ;�³Ý^OP lovastatin ;PjC¤±»w��

!"#%ö`}h>¶à��}h;�¾¿L	ÄK�¤CC³Ý7Ú^OP> 

lovastatin (25 � 50 mg/kg) � RMDE (100 � 200 mg/kg) ;�C¤i}h;�

.��Ð��s>Y¼�]�ê,�wlËL	î4Cí* RMDE ��'�"

«_hæ ankaflavinÚmonascin � citrininC©dý¿Àê,h (B16-F0) >�

�_	º monascin ¬Ã�C��
° 44%C±² RMDE 6> monascin ¤�

6y��}h�¢K`CòL	��ó�monascin ¤6y¨e_	>L	PJ 

(Akihisa et al., 2005a)[ò­C�ó-�C%H6wP> TGF-� J.;}h>�

h�N© (Dumont and Arteaga, 2003; Siegel and Massague, 2003)[�¤i%H 
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TGF-�1 æaÆºî4C³Ý RMDE K�_¥7¤i%H6 TGF-�1 �c>>

�YC��}h�h[ 

d¸¹½ÂÊÞ±²CB16-gh��;?+¤i¸¹.!¼}�C¸¹¾¿

Ä�Y¸¹;���P>üýi��C�³Ý^OP> RMDE (200 mg/kg) ;

Êg)�Ë���;PrC�àY��¤i�¸¹}�>x�¿�C±² RMDE 

>³Ý�Æd���ïüüw>àypú[ 

�ó-�C%HºàyzÀ (pro-inflammation cytokine)1TNF-�ÚIL-1� � 

IL-6 >w¹�Y�iJ�h}h>N©­ÄJ.;e) ½> (cachexia) >à

� (Moldawer and Copeland, 1997)[�bÊËL	±²C!"#%ö`J½Î¤

i%H6 IL-1� � IL-6 �c>>�YC©d TNF-� �c>�YÊD4±Â

ÃC� RMDE >³Ý� lovastatin ;PrC.K�_¥7¤i%H6 TNF-�Ú

IL-1� � IL-6 �c>>�YC��¤i�ïüüw>àypú[�!"#Ç.

~�ê, (Raw 264.7) àyÉ�Æºî4CRMDE '�º�6y¨ày_	C

ú¬É«_hæ ankaflavin � monascin >)*Cankaflavin K�©ê,6ºà

yzÀ TNF-�ÚIL-1� � IL-6 mRNA �Y����Cmonascin Ê��i IL-1� 

� IL-6 mRNA >�YC�ò� !"#$%�&�>àypú[ 

�d B16 ý¿Àê,h¬^¹N©' w}h[�ó-�Cî*E;sw

OP�Â}hê,`C!"#Kzàê,N©PQ��>v� (Bea et al., 2003; 

Dent et al., 2003; Artman et al., 2010)Cµ!"#Kºíeê,æ, VEGFC��

½Îeê,©d!"#>¨wC��!"#©deê,>�� (Hovinga et al., 

2005)[�%HB�L	±²C!"#«ÊJ�z  B16 ý¿Àê,hæ, 

VEGFC��¹à­��;�¾¿L	o±²C��ÊË;��dÚÀÚÁ�¸

¹ôCMD}hN©>Y¼¿�CùBÆKFÊËwöü�Ceê,þD|sw

Û�>%&N©�É�¹àCG��hòL	[�w³Ý RMDE � lovastatinC

«ÊÆ�_¥7¤i%H6 VEGF >�c>x¹C��%&>Û�[ò­CÄ
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��ó-�CVEGF�P�Y�e) w÷ø�p�>PQwC (Mesiano et al., 

1998; Numnum et al., 2006; Kobold et al., 2009)[�¤i÷øà�
L	±²C³

Ý RMDE K�_5l¤id!"#$%`�C÷ø>¿�CùBú¬ RMDE 

��}hê,æ, VEGF�°C��÷øà�'_	[ 

�����ÐC!"#Jú!z�!v� TGF-�1Cã{ smad �����

�C.;;���� (Bentzen, 2006)[ò­C!"#$%` IL-1� � IL-6 �P

�Y�·³>àypúCÄJ�z�TGF-�1 >v�Cíî;�¿����>Y

¼ (Chen et al., 2001; Chen et al., 2005)[�{
ÊËL	±²C³Ý RMDE K

�_¥7¤i%H6G!"#�·³> TGF-�1 ôÎ[]ê,ÊËî4CRMDE 

6> ankaflavin � monascin K±»��!"#�Çà Raw 264.7 ê,6' 

TGF-�1 mRNA >�Y[±²C³Ý RMDECK�_¥7!"#%ö`¤i%

Hï' TGF-�1 �c>�PC2<���������>ã{C0@;���

�>¿�[ 

*¬e)$%>�ÆÞC�	í*OPJ©d�
�b«¿�w�>�w�

�CW�¤�6>�Æ_	CÄ�K�Fy>ã>ÝÞ[�¤iÀ�Á¹>;�

¾¿L	î4CbÊË�*'OP©dÊË¤iF»)>C©dÀ�Á¹ª¢<

àùM�¤�w��[�

ËÁºôL	C������
«ÊK�_� !"#$%&�>()*C

¬Á*¬ÌÍe)½�C�!�g!"#$%`'6yã>ÝÞ[��d 

ankaflavin � monascin �b��6¤�6y�Æ!"#$%>«_C��óô

©dò^Î�Á
>Iê)*��MDE�>?¯CGòC����K�©��

¿À ankaflavin � monascin *Å�O>��CuF°��Jàáh¬ÌÍe)

$%�
CQ6��9>��ß�Cûüà�ù�[ 
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